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Fig. 40
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COLOR VIDEO CAMERA FOR
GENERATING A LUMINANCE SIGNAL
WITH UNATTENUATED HARMONICS

This application 1s a divisional of application Ser. No.
09/354.848, filed on Jul. 16, 1999, now U.S. Pat. No.
6,108,038, which 1s a division of Ser. No. 08/831,488 filed

Mar. 31, 1997 now U.S. Pat. No. 5,966,170 the entire
contents of which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a color video camera,

particularly to the method of generating luminance signals
thereof.

2. Description of Related Art

FIG. 1 shows an arrangement of color filters of an 1mage
sensor described, for example, on pages 76 through 82 of
“National Technical Report™, Vol. 31, No. 1, February 1985
composed by Matsushita Techno Research Co., Ltd. and
published by Ohmsha Publishing Co., Ltd. In FIG. 1, Mg
represents a pixel having a magenta color filter, G represents
a pixel having a green color filter, Cy represents a pixel
having a cyan color filter and Ye represents a pixel having
a yellow color filter. FIG. 2 shows a part of a signal
processing circuit of a color video camera which employs an
image sensor consisting of these color filters arranged
thereon. In FIG. 2, numeral 1 indicates a lens, numeral 2
indicates an 1mage sensor, numeral 3 1indicates a band-pass
filter (BPF), numeral 4 indicates a detector, numeral 5
indicates a one horizontal period delay circuit (1HDLY),
numeral 6 indicates a switching circuit and numeral 45
indicates a low-pass filter (LPF).

The operation will now be described below. In FIG. 2,
incident ray on the lens 1 forms an 1mage on the image
sensor 2. In FIG. 1, an output signal from line n of the image
sensor 2, consisting of a sequence of (Mg+Cy) and (G+Ye)
being repeated, 1s denoted as Sn, and an output signal from
line n+1 of the 1image sensor 2, consisting of a sequence of
(Mg+Ye) and (G+Cy) being repeated, is denoted as S(n+1).
Then Sn and S(n+1) are represented by the following
equations.

Sn=Yn+Cn-sin(wi)+ . . .

(1)

S(n+1)=Y(n+1)+C(n+1)sin(wi)+ . . . (2)

Where o 1s the carrier frequency of the color signal which
corresponds to double the horizontal pixel width. Yn and
Y(n+1) in equations (1) and (2) represent the luminance
signal components of line n and line n+1, Cn and C(n+1)
represent the color difference signal components of line n
and line n+1, respectively, and are given by the following
equations.

Yn=(Ye+G)+(Cy+M g)=2R+3G+2B (3)
(4)
(5)

(6)

Y(n+1)=(Ye+Mg)+(Cy+G)=2R+3G+2B
Cn=(Cy+Mg)-(Ye+G)=2B-G
C(n+1)=(Ye+Mg)-(Cy+G)=2R-G

The luminance signal components Yn, Yn+1 are obtained by
passing the output of the 1mage sensor 2 through the
low-pass filter 45. The color difference signal components
Cn, Cn-1 are obtained by passing the output of the image
sensor 2 through the band-pass filter 3 having a center
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frequency o and a detector 4. The output of the detector 4
orves 2R—-G and 2B-G appearing every two lines. These

signals 2R-G, 2B-G which appear on every other line are
synchronized by the one horizontal period delay circuit §
and the switching circuit 6.

In the conventional color video camera as described
above, an output signal of the image sensor i1s passed
through a low-pass filter to remove the modulated compo-
nents of the color signal and obtain a luminance signal,
resulting 1n a problem of the harmonics of the luminance
signals being attenuated. Although aperture correction has
been made by enhancing the rising edge and falling edge of
the signal to improve the resolution, 1t causes an impression
of unnatural enhancement.

FIG. 3 shows a block circuit diagram 1illustrating the
circuit of a color video camera employing a spatial offset of
3-chip CCD color camera which 1s described, for example,
on pages 1079 through 1085 of the “Journal of Television
Engineering Association”, November 1986. In FIG. 3,
numeral 51 indicates a lens, numeral 52 indicates a refract-
ing prism which decomposes incident ray into three colors
of red, green and blue, numeral 53, 54, 55 indicate 1mage
sensors, numeral 56 indicates a red signal amplifier, numeral
57 indicates a green signal amplifier, numeral 58 indicates a
blue signal amplifier, numeral 68 indicates a low-pass filter,
numeral 71 indicates an adder and numeral 73 indicates a
demultiplexer. FIG. 4 shows the constitution of output
signals with the conventional method of spatial offset of
3-chip CCD color camera. In FIG. 4, G represents the signal
of a green pixel, and RB represents the composite signal of
red and blue pixels. Letter p indicates the horizontal pixel
width of the 1image sensor. Green 1mage sensors and red,
blue 1mage sensors are arranged in the horizontal direction
at intervals of a half pixel width.

The operation will now be described below. In FIG. 3,
incident ray on the lens 51 1s decomposed mto red, green and
blue by the refracting prism 352, with the light rays of
respective colors forming 1images on 1mage sensors 33, 54,
55. Each of the image sensors 53, 54, 55 mixes signals of the
upper and lower adjacent pixels to give one signal output.
The output signals R, G, B of the 1mage sensors 53, 54, 55
are amplified by the red signal amplifier 56, the green signal
amplifier 57 and the blue signal amplifier 38, respectively, so
that the ratio of the output signals thereof becomes, in the
case of NTSC system, R:G:B=0.30:0.59:0.11, to obtain R',
G', B' signals. R' and B' are mixed 1n the adder 71 to obtain
a signal RB which combines R"and B'. The demultiplexer 73
switches alternately between G' and RB to produce an output
of luminance signal, which 1s passed through the low-pass
filter 68 to obtain a luminance signal Y. Consequently, the
luminance signal Y is given by equation (7).

Y=0.30R+0.59G+0.11B=R+G'+B'=G'+RB (7)

In the conventional method of spatial offset of 3-chip
CCD color camera, the purpose 1s set at improving the
resolution. Although there arises no problem in the case of
such objects that have green signal and red-blue combined
signal 1n similar proportions, but vertical lines appear 1n the
case of objects which have significantly different propor-
tions. Vertical lines have been reduced by passing the green
signal and red-blue combined signal through a low-pass
filter 1n the prior art, though 1t has a problem of causing
attenuation of harmonics in the luminance signal. Thus
resolution has been improved by enhancing the rising edge
and falling edge of a signal for aperture correction, resulting,
in a problem of unnatural enhancement.

SUMMARY OF THE INVENTION

One object of the invention 1s to provide a color video
camera which 1s capable of alleviating the attenuation of the
harmonics of luminance signal.
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Another object of the mvention 1s to provide a color video
camera made of low cost circuits which 1s capable of
producing high quality image with less attenuation of the
harmonics of luminance signal.

Further another object of the invention 1s to provide a
color video camera which 1s capable of performing aperture
correction without unnatural enhancement by means of
simple circuits at a low cost.

In the color video camera of the invention, outputs from
N kinds of spectral-response characteristics from one 1image
sensor are passed through a low-pass filter to obtain outputs
of N kinds from 1st through Nth, and the output signal of a
pixel of the Kth spectral-response characteristic (1=K=N)
1s multiplied by the ratio of the low-pass filter output,
produced from the output of the 1mage sensor at the coor-
dinate of the pixel, to the Kth low-pass filter output at the
coordinate of the pixel, thereby to obtain the luminance
signal with lessened attenuation of the harmonics.

In another color video camera of the invention, N kinds
signals obtained by adjusting the gain of the outputs from N
kinds of 1mage sensors are passed through a low-pass filter
to obtain outputs of N kinds from 1st through Nth, and the
output signal of the Kth pixel (1=KZ=N) is multiplied by the
rat1o of the low-pass filter output, produced from the output
of the 1mage sensor at the coordinate of the pixel, to the Kth
low-pass filter output at the coordinate of the pixel, thereby
to obtain the luminance signal with lessened attenuation of
the harmonics.

In further another color video camera of the invention,
outputs from N kinds of spectral-response characteristics
from one 1mage sensor are passed through the first low-pass
filter to obtain outputs of N kinds from 1st through Nth, and
the output signal of a pixel of the Kth spectral-response
characteristic (1=KZ=N) is multiplied by the ratio of the first
low-pass filter output, produced from the output of the image
sensor at the coordinate of the pixel, to the Kth output of the
first low-pass filter at the coordinate of the pixel, thereby to
calculate the first signal, which 1s fed to the band-pass filter
to obtain a second signal for aperture correction, the 1mage
sensor output 1s fed to the second low-pass filter to obtain a
third signal and the second signal and the third signal are
combined to obtain a luminance signal component, thereby
performing aperture correction without unnatural enhance-
ment.

In further another color video camera of the invention, N
kinds signals obtained by adjusting the gain of the outputs
from N kinds of 1image sensors are passed through the first
low-pass filter to obtain outputs of N kinds from 1st through
Nth, and the output signal of the Kth pixel (1=K=N) is
multiplied by the ratio of the first low-pass filter output,
produced from the synthesized signals of the pixels of the
respective kinds at the coordinate of the pixel, to the Kth
output of the first low-pass filter at the coordinate of the
pixel, to calculate the first signal which 1s fed to the
band-pass filter to obtain the second signal for aperture
correction, synthesized signal produced from N kinds of
signals by adjusting the gain of the outputs of each image
sensor 1s fed to the second low-pass filter to obtain the third
signal, and the second signal and the third signal are
synthesized to obtain the luminance signal, thereby perform-
ing aperture correction without unnatural enhancement.

The low-pass filter used 1n this invention may either be a
one-dimensional low-pass {filter consisting of a plurality of
bit-shift circuits and an adder, or a two-dimensional low-
pass filter consisting of a plurality of bit-shift circuits and a
plurality of adders.
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Use of a lookup table for division, a lookup table for
logarithm, a lookup table for power or the like simplifies the
constitution of the signal processing circuit.

The above and further objects and features of the inven-
tion will more fully be apparent from the following detailed
description with accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an example of the arrangement of color
filters of an 1mage sensor used 1n a color video camera.

FIG. 2 shows a part of signal processing circuit of the
conventional color video camera.

FIG. 3 shows a block circuit diagram illustrating a color
video camera of the conventional spatial offset of 3-chip
CCD color camera system.

FIG. 4 shows the constitution of the output signals of the
conventional spatial offset of 3-chip CCD color camera
system.

FIG. § shows a block circuit diagram 1llustrating the color
video camera of the present 1nvention.

FIG. 6 shows the signals written 1n the field memory.

FIG. 7 shows the signals written 1n the two-dimensional
Mmemory.

FIG. 8 shows the signals written 1n the two-dimensional
Mmemory.

FIG. 9 shows the signals written 1n the two-dimensional
Mmemory.

FIG. 10 shows the signals written 1n the two-dimensional
Mmemory.

FIG. 11 shows the output signals of the two-dimensional
low-pass filter.

FIG. 12 shows the output signals of the two-dimensional
low-pass filter.

FIG. 13 shows the output signals of the two-dimensional
low-pass filter.

FIG. 14 shows the output signals of the two-dimensional
low-pass filter.

FIG. 15 shows a block circuit diagram illustrating another
color video camera of the present invention.

FIG. 16 A shows a block diagram illustrating another
constitution of the arithmetic logic unait.

FIG. 16 shows a block diagram illustrating the constitu-
tion of the arithmetic logic unit.

FIG. 17 shows the signals written 1n the one-dimensional
Mmemory.

FIG. 18 shows the signals written 1n the one-dimensional
Mmemory.

FIG. 19 shows the output signals of the one-dimensional
low-pass filter.

FIG. 20 shows the output signals of the one-dimensional
low-pass filter.

FIG. 21 shows the output signals of the one-dimensional
low-pass filter.

FIG. 22 shows a block circuit diagram illustrating further
another color video camera of the present 1nvention.

FIG. 23 shows a block circuit diagram 1llustrating further
another color video camera of the present invention.

FIG. 24 shows the constitution of the lookup table for
division.

FIG. 25 shows the constitution of the lookup table for
division.

FIG. 26 shows the constitution of the one-dimensional
low-pass filter.
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FIG. 27 shows a block circur
another color video camera of

FIG. 28 shows a block circur
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- diagram 1llustrating further
he present invention.

- diagram 1llustrating further

another color video camera of
FIG. 29 shows a block circ

he present 1nvention.
uit diagram 1llustrating the

constitution of the arithmetic logic unait.

FIG. 30 shows the output sig
low-pass filter.

FIG. 31 shows a block circur
another color video camera of |

FIG. 32 shows a block circur

nals of the two-dimensional

- diagram 1llustrating further
he invention.

- diagram 1llustrating further

another color video camera of

he 1nvention.

FIG. 33 shows the constitution of the two-dimensional

low-pass filter.

FIG. 34 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 35 shows a block circuit diagram illustrating further
another color video camera of the invention.

FIG. 36 shows a block circ

uit diagram 1illustrating the

constitution of the arithmetic logic unit.

FIG. 37 shows the signals wr
Mmemory.

FIG. 38 shows the signals wr
Mmemory.

FIG. 39 shows the signals wr
memory.

1tten 1n the one-dimensional

1tten 1n the one-dimensional

1tten 1n the one-dimensional

FIG. 40 shows the output signals of the one-dimensional

low-pass filter.

FIG. 41 shows the output signals of the one-dimensional

low-pass filter.

FIG. 42 shows the output signals of the one-dimensional

low-pass filter.

FIG. 43 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 44 shows a block circ

uit diagram 1llustrating the

constitution of the arithmetic logic unait.

FIG. 45 shows a block circurn
another color video camera of

FIG. 46 shows a block circur
another color video camera of

FIG. 47 shows a block circur
another color video camera of

FIG. 48 shows a block circur

- diagram 1llustrating further
he 1nvention.

- diagram 1llustrating further
he invention.

- diagram 1llustrating further
he invention.

- diagram 1llustrating further

another color video camera of

he 1nvention.

FIG. 49 shows the signals written 1n the two-dimensional

Memory.

FIG. 50 shows the signals written 1n the two-dimensional

Memory.

FIG. 51 shows the signals written 1n the two-dimensional

Memory.

FIG. 52 shows the output sig
low-pass filter.

FIG. 53 shows the output sig
low-pass filter.

FIG. 54 shows the output sig
low-pass filter.

FIG. 55 shows a block circuit

another color video camera of

FIG. 56 shows a block circuit

another color video camera of
FIG. 57 shows a block circur

nals of the two-dimensional
nals of the two-dimensional
nals of the two-dimensional

diagram 1llustrating further
he invention.

diagram 1llustrating further
he invention.

- diagram 1llustrating further

another color video camera of

he 1nvention.
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FIG. 58 shows a block circuit diagram illustrating further
another color video camera of the invention.

FIG. 59 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 60 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 61 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 62 shows a block circuit diagram illustrating further
another color video camera of the invention.

FIG. 63 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 64 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 65 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 66 shows a block circuit diagram illustrating further
another color video camera of the invention.

FIG. 67 shows a block circuit diagram illustrating further
another color video camera of the invention.

FIG. 68 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 69 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 70 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 71 shows a block circuit diagram illustrating further
another color video camera of the invention.

FIG. 72 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 73 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 74 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

FIG. 75 shows a block circuit diagram illustrating further
another color video camera of the invention.

FIG. 76 shows a block circuit diagram 1llustrating further
another color video camera of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The 1nvention will be described 1n detaill below with
reference to the drawings which 1illustrate the preferred
embodiments.

Embodiment 1

FIG. 5 shows the block circuit diagram illustrating the
color video camera 1n embodiment 1. In FIG. 5, numeral 1
indicates a lens, numeral 2 indicates an image sensor,
numeral 3 indicates a band-pass filter (BPF), numeral 4
indicates a detector, numeral 5 indicates a one horizontal
period delay circuit (1HDLY), numeral 6 indicates a switch-
ing circuit, numeral 7 indicates an A/D converter, numeral 8
indicates a field memory, numeral 9 indicates a multiplexer,
numerals 10, 11, 12, 13 indicate two-dimensional memories,
numerals 14, 15, 16, 17 indicate two-dimensional low-pass
filters (two-dimensional LPF), numeral 42 indicates an
arithmetic logic unit and numeral 43 indicates a matrix
circuit.

The operation will now be described below. Incident ray
on the lens 1 forms an 1image on the 1mage sensor 2 having
photoelectric transducers which have different spectral-
response characteristics and are arranged on a two-
dimensional plane. The output of the 1mage sensor 2 1is
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converted from analog to digital signal by the A/D converter
7 and 1s supplied to the field memory 8. The 1mage sensor
2 shown 1n FIG. 5 mixes the signals of two upper and lower
adjacent pixels to give an output. Mixed signals are written
in the field memory 8 as one signal. FIG. 6 partially
illustrates the configuration of writing the signals from the
image sensor 2 in the field memory 8. In FIG. 6, MC
represents a signal which combines the magenta pixel signal
and cyan pixel signal, GY represents a signal which com-
bines the green pixel signal and yellow pixel signal, MY
represents a signal which combines the magenta pixel signal
and yellow pixel signal and GC represents a signal which
combines the green pixel signal and cyan pixel signal. The
multiplexer 9 supplies the MC, GY, MY, GC signals sepa-
rately to the two-dimensional memories 10, 11, 12, 13,
respectively. FIG. 7, FIG. 8, FIG. 9, FIG. 10 show the
configuration of signals written in the two-dimensional
memories 10, 11, 12, 13. The signals shown 1n these
drawings are smoothed by the two-dimensional low-pass
filters 14, 15, 16, 17. FIG. 11, FIG. 12, FIG. 13, FIG. 14
show the outputs of the two-dimensional low-pass filters 14,
15, 16, 17. LPF 1n the drawing represents a low-pass filter
output.

Arithmetic logical operation in the arithmetic logic unit
42 will be described below. In FIG. 6, the value of an output
signal, when color filter of MC, GY, MY are assumed to be
located at the position of GC of row s and column t for
example, 1s calculated by equations (8) through (10).

MC(s5,0)=GC(s,)x(MCLPF(s,t)/GCLPF(s, 1)) (8)
GY(s,0)=GC(s,))x(GYLPF(s,0)/GCLPF(s,1)) (9)
MY(s,0)=GC(s,))x(MYLPF(s,1)/GCLPF(s,1)) (10)

[t is not necessary to calculate the value of GC(s,t) because
equation (11) holds.

GC(s,))=GC(s,1) (11)

When it is assumed that a color filter of kind K (K is either
MC, GY, MY or GC) is located at the position (s,t) of a color
filter of kind J (J 1s either MC, GY, MY or GC), color signal
K(s,t) is calculated by equation (12). (s,t) in the case of this
embodiment 1indicates the coordinates of the field memory 8
shown 1n FIG. 6.

K{(s,0)=J (s, )x (KL PF (s, )[JLPF(5,1)) (12)

Matrix computation 1n the matrix circuit 43 1s described
below. Luminance signal component Y at the position of GC
at row s, column t in FIG. 6 is calculated by equation (13).

Y=(MC(s, )+ GY (s, 1)+ MY(s,)+GC(5,1))/4 (13)

The principle of calculating Y signal in this embodiment
will be described below. If modulation component of a color
signal 1s removed by passing the output signal of the 1mage
sensor through the low-pass filter as in the prior art, har-
monics of the luminance signal will be attenuated. The
method of this embodiment assumes that color change 1s not
significant 1n a localized region. This implies that ratios
between signals of different colors (MC, GY, MY, GC) are
approximately equal to each other 1 the localized region.
Ratios between signals of different colors MC, GY, MY and
GC 1 a localized region are given by the ratios between
two-dimensional low-pass filter outputs of MC, GY, MY and
GC. When a color filter of MC 1s located at the position GC
of row s, column t as shown by equation (8), for example,
the ratio is obtained by multiplying GC(s,t) by the ratio of

10

15

20

25

30

35

40

45

50

55

60

65

3

MC to GC at the localized region (ratio of two-dimensional
low-pass filter output of MC signal to two-dimensional
low-pass filter output of GC signal). Equations (9), (10), (11)
are also obtained similarly. By calculating Y signal by
equation (13) using MC, GY, MY, GC obtained from equa-
tions (8), (9), (10), (11), modulation component of the color
signal can be removed without using the low-pass filters.
Because modulation component of the color signal 1is
removed without using the low-pass filters, 1t 1s made
possible to alleviate the attenuation of the harmonics of the
luminance signal.

Embodiment 2

FIG. 15 shows embodiment 2 of the invention where
portions denoted with the same numerals as those 1n FIG. 5
represent the same or corresponding portions. In FIG. 185,
numerals 18, 19 represent one-dimensional memories,
numerals 20, 21, 22 represent one-dimensional low-pass
filters (LPF) and numeral 23 represents an arithmetic logic
unit. FIG. 16 shows the mternal constitution of the arith-
metic logic unit 23, which has a demultiplexer 24, a divider
25 and a multiplier 26.

The operation will now be described below. Similarly to
the case of embodiment 1 as shown in FIG. 6, signal from
the 1mage sensor 2 1s written 1n the field memory 8. The
multiplexer 9 supplies MC, GY signals and MY, GC signals
alternately to the memories 18, 19 via line n and line n+1.
FIG. 17 and FIG. 18 show the configuration of signals
written 1n the memories 18, 19. The signals shown 1n these
drawings are smoothed by the low-pass filters 20, 21. FIG.
19, FIG. 20 show the outputs of the low-pass filters 20, 21.
Output of the 1mage sensor 2 1s converted from analog to
digital signal which 1s passed through the low-pass filter 22,
to obtain low-pass filter output of Y signal. FIG. 21 shows
the output of the low-pass filter 22, where LPF 1n the
drawing 1s a symbol representing a low-pass {ilter output.

Arithmetic logical operation of the arithmetic logic unit
23 will be described below. The low-pass filter output of Y
signal 1s fed to the divider 25 as the dividend. The demul-
tiplexer 24 switches, 1n the case of line n, to the low-pass
filter output of MC 1f the pixel 1s MC pixel or to the low-pass
filter output of GY 1if the pixel 1s GY pixel and, in the case
of line n+1, switches to the low-pass filter output of MY 1t
the pixel 1s MY pixel or to the low-pass filter output of GC
if the pixel 1s GC pixel, with the output thereof being fed to
the divider 25 as the divisor. The output of the divider 25 1s
supplied to the multiplier 26 as the mnput. The output signal
of the pixel 1s supplied to the multiplier 26. As a result, the
output of the multiplier 26 1s obtained as Y signal at the pixel
of interest.

In FIG. 17, luminance signal component Y(t) at the
position of color filter GC of column t, for example, 1s
calculated by equation (14) below.

Y())=GC(O)x(YLPF(1)/GCLPF(f)) (14)

Luminance signal component Y(t) at the position t of
color filter of kind K (K is either MC, GY, MY or GC) is
calculated by equation (15) below. In this embodiment, letter
t represents the coordinate of memory 18 shown in FIG. 17
in case the pixel 1s color filter of GC, GY, or represents the

coordinate of memory 19 shown 1n FIG. 18 in case the pixel
1s MY, MC.

Y(£)=K()x(YLPF(t)/KLPF(f)) (15)

Principle of calculating Y signal in embodiment 2 will be
described below. This method assumes that color change in

the localized region is not significant. This implies that the
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ratios of signals of respective colors (MC, GY, MY, GC) to
Y signal are approximately equal mn a localized region.
Ratios of signals of different colors MC, GY, MY and GC to
Y signal 1in a localized region are given by the ratios of

low-pass {ilter outputs of MC, GY, MY and GC to the
low-pass filter output of Y signal.

For example, luminance signal component Y(t) at the
position of GC of column t as shown by equation (14) is
obtained by multiplying GC(t) by the ratio of Y to GC (ratio
of the low-pass filter output of Y signal to the low-pass filter
output of GC signal) in the localized region.

While harmonics of luminance signal 1s attenuated in the
conventional method as described for embodiment 1, modu-
lated components of color signal can be removed without
attenuating the harmonics of the luminance signal in
embodiment 2 as 1n embodiment 1.

Embodiment 3

Although constitution of the color video camera 1n
embodiment 3 is the same as that of embodiment 2 (FIG.
15), method of calculating Y signal in the arithmetic logic
unit 23 1s different.

Arithmetic operation in the arithmetic logic unit 23 will
be described below. In FIG. 17, 1f each signal 1s made up of
eight bits to represent the hue 1 256 steps, for example, and
value 1 of LSB (Least Significant Bit) is employed as a
constant, luminance signal component Y(t) at the position of
color filter GC of column t is calculated by equation (16) as
shown below.

Y(1)=(GC )+ Dx((YLPF(£)+1)/(GCLPF(£)+1))-1 (16)

[Luminance signal component Y(t) at the position t of
color filter of kind K (K is either MC, GY, MY or GC) is
given by equation (17) below.

Y(£)=(K(£)+1)x((YLPF(#)+1)/(KLPF (H)+1))-1 (17)

There may arise such a case as calculation of division
becomes 1mpossible due to the divisor being zero, or a great
calculation error 1s caused by the divisor being not equal to
but near zero if calculating with a small number of bits. In
such a case, calculation error can be decreased by employing
value 1 of LSB as in embodiment 3.

Embodiment 4

FIG. 22 shows a block circuit diagram 1llustrating a color
video camera of embodiment 4. In FIG. 22, portions denoted
with the same numerals as those 1n FIG. 15 represent the
same portions. Numeral 27 represents a comparator.

The operation will now be described below. An output
signal of an appropriate pixel 1n the vicinity of the pixel of
interest 1s read from the field memory 8 and 1s fed to the
comparator 27. If the difference between the output signals
of pixels of the same kind 1s beyond a particular threshold,
it 1s determined that the spatial frequency of the 1mage is
higch and, if the difference 1s within the threshold, it is
determined that the spatial frequency of the image 1s low. In
a portion where the spatial frequency of the image 1s high,
the luminance signal 1s calculated similarly to embodiment
2 and, 1n a portion where the spatial frequency of the image
1s low, the luminance signal 1s calculated from the weighted
averaging value of the pixels of N kinds around the pixel of
interest.

The arithmetic logic unit 23 operates as 1n embodiment 2
in the portion of high spatial frequency and, 1n the portion
of low spatial frequency, luminance signal component Y{(t)
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is calculated by equation (18) at the position of GC color
filter 1n column t 1n FIG. 17 and at the position where there
is no output signal of column t by equation (18).

Y()=MY(t-1)/4+GC()/2+MY(t+1)/4 (18)

Assuming the position of the pixel being t, the kind of
color filter of the pixel of interest being J (J is either MC,
GY, MY or GC), and the kind of color filter of the right and
left adjacent pixels of the pixel of interest being K (K is
either MC, GY, MY or GC), the luminance signal compo-
nent Y(t) 1s calculated by equation (19).

V(1=K (t-1)/4+J(£)/2+K (t+1)/4 (19)

As described above, the edge-like etfects due to the image
contrast becoming exaggerated producing emphasized
patches of light and dark, in the low frequency components
arising when the number of bits of calculated data 1s
reduced, can be suppressed by employing different methods
in calculating the luminance signals between portions of
high spatial frequency and low spatial frequency.
Embodiment 5

Although the constitution of the color video camera in
embodiment 5 is the same as that of embodiment 4 (FIG.
22), signal processing procedures in the arithmetic logic unit
23 and 1n the comparator 27 are different.

In embodiment 5, difference 1n the output signals between
richt and left adjacent pixels of the pixel of interest and the
particular threshold are compared. If the difference between
the output signals 1s greater than the threshold, 1t 1s deter-
mined that the portion has a high spatial frequency and the
operation of aforementioned embodiment 2 1s carried out,
and, if the difference between the output signals 1s less than
the threshold, 1t 1s determined that the portion has a low
spatial frequency, and the operation of aforementioned
embodiment 4 1s carried out.

Arithmetic operation of the comparator 27 will be
described below. Assuming that, for example, the color filter
located at row s, column t 1s GC and the color filters located
at right and left adjacent pixels of the pixel of interest are
MY, the result of the calculation by equation (20) below and
the threshold are compared to select one of the two equations
to generate the luminance signals.

|MY(t-1)-MY(t+1)| (20)

Assuming that the position of the pixel of interest 1s t and
the kind of color filters of the right and left adjacent pixels
of the pixel of interest being K (K is either MC, GY, MY or
GC), result of the calculation by equation (21) below and the
threshold are compared to select one of two equations to
generate the luminance signals.

IK(t-1)-K(t+1)|

Embodiment 6

FIG. 23 shows a block circuit diagram of the color video
camera 1n embodiment 6. In FIG. 23, numerals which are the
same as those 1 FIG. 15 indicate the identical portions.
Numeral 28 represents a lookup table for division.

Since the equation of calculation described in embodi-
ment 2 mcludes a dividing operation, the lookup table for
division 28 1s used in embodiment 6. When 55/13 1s to be
calculated with 5-bit mnput to the lookup table for division 28
assuming that 8-bit inputs of 55 (00110111) and 13
(00001101) are given as shown in FIG. 24, for instance,
upper five bits of each mput are checked successively
starting with the most significant bit to search for a bit of a

(21)
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value 1 and, 1f found, it 1s made the new most significant bit
with the five bits including this and those that follow handled
as the 1nput. Namely, inputs are bit-shifted to obtain the most
effective five bits such as 27 (11011) and 13 (01101). Then
output 2 (00010) which corresponds to the result of division
of the two 1nputs 1s obtained from the lookup table for
division 28, and the number of digits thereof 1s raised by the
number of digits which were cut off from the dividend,
thereby to obtain 4 as the result of the arithmetic operation.
Assume m-bit mputs x and y and n-bit input to the lookup
table for division 28 (m>n), and the most significant bit of
the 1nput 1s checked to see if 1t 1s 1. If 1t 1s O, lower bits are
checked successively stopping at the nth bit. If x has 1 1n the
ath bit (m=Za=n) and y has 1 in the bth bit (mZb=Zn), these
bits are regarded as the most significant bits thereby to
obtain the upper n bits X' and y'. Namely, x' and y' are the
most effective n bits with the less significant bits thereof
being discarded as shown by equations (22) and (23).

x'=x>>(a-n) (22)
y'=y>>(b-n) (23)
2'=x'fy’ (24)

Where >> represents a bit shift operation, with the digits of
X being reduced by a—n bits and the digits of y being reduced
by b—n bits. With the resultant X' and y' being fed as the
inputs, an output z' 1s obtained from the lookup table for
division 28, and bit shift operation corresponding to the
number of bits which were cut off from the dividend and
divisor is applied to z'. Namely, operation of equation (25)
1s carried out to obtain the result z.

(25)

z=2'>>(b-a)

Let the output of the lookup table for division 28 be a
number of eight bits, for 1instance, then dividing operation of
the upper seven bits of the two inputs require the lookup
table for division 28 to have a capacity of 131072 bits, while
similar result can be obtained with the lookup table for
division 28 having a capacity of 8192 bits when most
ciiective five bits of nputs are used in the dividing opera-
tion. As a result, circuit composition of embodiment 6 1s
made simpler.

Embodiment 7

Although the composition of the color video camera 1n
embodiment 7 is the same as that of embodiment 6 (FIG.
23), signal processing operations in the arithmetic logic unit
23 and the lookup table for division 28 are different.

The operation will now be described below. Lookup table
for division 28 1n embodiment 7 has five bits above decimal
point and five bits below decimal point. In calculating the
division of 55/13 with 5-bit inputs to the lookup table for
division 28 when 8-bit mputs of §5 (00110111) and 13
(00001101) are given as shown in FIG. 2§, for instance,
inputs are bit-shifted to the most effective five bits such as
27 (11011) and 13 (01101). Then output 66 (0001010010)
which corresponds to the result of the division of the two
inputs 1s obtained from the lookup table for division 28, and
its number of digits 1s raised by the number of digits which
were cut off from the dividend. Thus 132 1s obtained as the
result of the arithmetic operation. Then this result of the
division 1s used 1n the multiplication by the equation
described in embodiment 2 with the lower five bits being cut
off to discard the fractional part of the lookup table for
division 28. Assuming the value of the multiplier to be 11,
45 1s obtained from the above calculation.

Assume that m-bit inputs x and y are given, an n-bit input
is fed to the lookup table for division 28 (m>n) to obtain a
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2n-bit output comprising an integral part of n bits and a
fractional part of n bits (m>n), x includes the first 1 in the

ath bit from the MSB (mZa=Zn), y includes the first 1 in the
bth bit from the MSB (m2b=n), most effective n-bit parts
of x and y are x' and y', respectively, which are fed to the
lookup table for division 28 as inputs to obtain an output z',
and bit shift 1s applied corresponding to the number of bits
which were cut off the dividend and divisor, to obtain z as
the result of calculation. Then the value of z 1s used 1n the
multiplication described in embodiment 2 with the result
being shifted down by n bits to discard the fractional part of
the lookup table for division 28. Assuming the value of
multiplier being p, the result of calculation q 1s given by

equation (26) as shown below.

g=(pxz)>>n (26)

As described above, precision of calculation can be
increased by obtaining an output with the number of bits
twice that of the input from the lookup table for division 28
to obtain the fractional part as the output, then multiplying
with this output.

Embodiment &

The composition of the color video camera 1in embodi-
ment 8 is the same as that of embodiment 2 (FIG. 15). In
embodiment &, low-pass filter 1s used as a digital filter. The
low-pass filter 1s made up of only bit shift circuits such as,
for example, the number of horizontal taps being set to 5
with weightings 1/8, 1/4, 1/4, 1/4 and 1/8. FIG. 26 shows the
composition of the one-dimensional low-pass filter. In FIG.
26, 101 through 104 are one clock delay circuits
(1CLKDLY), 105 and 109 are 3-bit shift circuits, 106
through 108 are 2-bit shift circuits, and 110 1s an adder.

Assume that an image sensor output S(t+2) is fed to the
one-dimensional low-pass filter of such a composition. The
3-bit shift circuit 105 feeds S(t+2)/8 to the adder 110. Output
S(t+1) of the image sensor delivered at the time one clock
carlier 1s fed via the one clock delay circuit 101 to the 2-bat
shift circuit 106 to obtain an output S(t+1)/4. Similarly,
outputs S(t)/4, S(t-1)/4 and S(t-2)/8 are obtained from the
2-bit shift circuits 107, 108 and the 3-bit shift circuit 109.
Accordingly, the output of the adder 110 becomes such an
output as represented by equation (27), and low-pass filter
output YLPF(t) for the image sensor output at position t of
the pixel of interest can be obtained.

YLPF(1)=S(t+2)/8+S(t+1)/4+S(£)/4+S(t=1)/4+S (t-2)/8 (27)

While the process described above 1s applied to the
low-pass filter output for the i1mage sensor output, the
low-pass {filter output of the pixel of the Jth color filter at
position t of the pixel of interest can be obtained by using a
two clock delay circuit mstead of one clock delay circuit,
because the Jth color filters are arranged at every other pixel.
Embodiment 9

Although the composition of the color video camera 1n
embodiment 9 is the same as that of embodiment 2 (FIG.
15), method of calculating the luminance signal in the
arithmetic logic unit 23 1s different.

In embodiment 3, luminance signal 1s obtained by adding,
1 to each of the multiplier, divisor and dividend and sub-
fracting 1 from the result of calculation to minimize the
calculation error, as expressed by the equations (16) and
(17). However, as the number 1 is LSB which has no
significant effect on the result of calculation, subtraction of
1 at the end may be omitted for the simplification of the
circuit. Embodiment 9 1s an example of such simplification.
Luminance signal component Y(t) at the position of GC
color filter of column t is calculated by the equation (28)
below.
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Y(1)=(GC )+ 1x((YLPF()+1)/(GCLPF(£)+1)) (28)

[uminance signal component Y(t) at position t of color
filter of kind K (K is either MC, GY, MY or GC) is expressed
by the equation (29) below.

Y(£)=(K(1)+1)x((YLPF )+ 1)/(KLPF(£)+1)) (29)

Embodiment 9 1s also capable of reducing the calculation
error similarly to embodiment 3.

Embodiment 10

FIG. 27 shows a block circuit diagram of the color video
camera 1n embodiment 10. In FIG. 27, numerals which are
the same as those 1n FIG. 15 indicate the identical portions.
Numeral 29 represents a lookup table for logarithm and
numeral 30 represents a lookup table for power.

The operation will now be described below. Luminance
signal component Y(t) in case the kind of color filter of the
pixel at position t is K (K is either MC, GY, MY or GC) is
given by the equation (29) below as described in embodi-
ment 9. Now apply logarithmic conversion with base X 1n
equation (29) as shown in equation (30), where " represents
POWETr.

Y(H)=x"log x{ (K(t)+1)x(YLPF(t)+1)/(KLPF()+1)) }=x"{log x(K{(t)+
D+log x(YLPF(H)+1)-log x(KLPF(t)+1)} (30)

If all coefficients used in equation (30) are given in 8-bit
numbers and the output of the lookup table for logarithm 29
1s given with 10 bits, the capacity requirement 1s 2560 bits.
After calculating the logarithmic part by means of the
lookup table for logarithm 29, addition and subtraction are
carried out to calculate the power. Because the power can be
represented sufficiently with 11 bits, 8-bit output from the
lookup table for power 30 requires a capacity of 16384 bits.
Consequently, calculation of the equation (29) can be done
with a lookup table which has a capacity of 18944 bits in
total, making it possible to further simplify the circuit
composition.

Although embodiment 10 1s described 1n a case where
luminance signal is calculated from the equation of embodi-
ment 9, 1t 1s a matter of course that the method of calculation
which employs the lookup table for logarithm and the
lookup table for power may be applied to embodiment 2.
Embodiment 11

FIG. 28 shows a block circuit diagram of the color video
camera 1n embodiment 11. In FIG. 28, numerals which are
the same as those 1 FIG. § indicate the identical portions
and will not be explained here. In FIG. 28, numeral 31
represents a two-dimensional low-pass filter (LPF) for lumi-
nance signal Y and numeral 32 represents an arithmetic logic
unit. FIG. 29 shows the internal construction of the arith-
metic logic unit 32 which has a demultiplexer 33, a divider
34 and a multiplier 35.

The operation will now be described below. Basic opera-
tion 1s the same as that of embodiment 1. The output of the
image sensor 1s fed from the field memory 8 to the two-
dimensional low-pass filter 31, and output YLPF of the
two-dimensional low-pass filter as shown m FIG. 30 is
obtained.

The arithmetic operation in the arithmetic logic unit 32
will be described below. Two-dimensional low-pass filter
output of Y signal 1s fed to the divider 34 as the dividend.
The demultiplexer 33 switches to the two-dimensional low-
pass filter output of MC 1f the pixel of interest 1s MC pixel,
to the two-dimensional low-pass filter output of GY 1if the
pixel of interest 1s GY pixel, to the two-dimensional low-
pass filter output of MY 1f the pixel of interest 1s MY pixel,
or to the two-dimensional low-pass filter output of GC 1f the
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pixel of interest 1s GC pixel, with the output being fed to the
divider 34 as the divisor. The output of this divider 34 1s fed
to the multiplier 35 as the input. The output signal of the
pixel of interest 1s also fed to the multiplier 35 as the input.
Thus the output of the multiplier 35 1s obtained as the
luminance signal Y of the pixel of interest.

Embodiment 11 1s an example of using two-dimensional
low-pass filters instead of one-dimensional low-pass {filters
in embodiment 2. In FIG. 6, luminance signal component
Y(s,t) at the position of color filter GC of row s, column t 1s
calculated by equation (31).

Y(s,)=GC(s, )x(YLPF(s,0)/GCLPF(s,1)) (31)

Luminance signal component Y(s,t) at the position (s,t) of
color filter of kind K (K is either MC, GY, MY or GC) is
given by the equation (32) below, where (s,t) represents the
coordinates of the field memory 8.

Y(s,0)=K(s, )x(YLPF(5,8)/KLPF(s,1)) (32)

Calculation of Y signal in this embodiment 1s basically the
same as that of embodiment 2, and 1s capable of eliminating
the modulated component of the color signal without reduc-
ing the harmonics of the luminance signal.

Embodiment 12

Although the composition of the color video camera 1n
embodiment 12 is the same as that of embodiment 11 (FIG.
28), method of calculating Y signal in the arithmetic logic
unit 32 1s ditferent.

The arithmetic operation 1n the arithmetic logic unit 32
will be described below. In FIG. 6, 1f each signal 1s made up
of eight bits to represent the hue 1n 256 steps, for example,
and value 1 of LSB 1s employed as a constant, luminance
signal component Y(s,t) at the position of color filter GC of
row s, column t is calculated by equation (33) as shown
below.

Y(s,0)=(GC(s,0)+1)x((YLPF(s,0)+1)/GCLPF(s5,0)+1))-1 (33)

Luminance signal component Y(s,t) at position (s,t) of
color filter of kind K (K i1s either MC, GY, MY or GC) is
given by the equation (34) below.

Y(s,0)=(K(s, 1)+ 1)x(YLPF(s,£)+1)/(KLPF(s,1)+1))~1 (34)

Embodiment 13

FIG. 31 shows a block circuit diagram of the color video
camera 1n embodiment 13. In FIG. 31, symbols which are
the same as those 1n FIG. 28 indicate the 1dentical portions
and numeral 27 represents a comparator which resembles
that of FIG. 22 (embodiment 4).

The operation will now be described below. As in the case
of embodiment 4, the difference between output signals of
pixels of the same kind which are fed to the comparator 27
from the field memory 8 is compared to a particular thresh-
old to determine whether the spatial frequency of the image
1s high or low. In a portion of high spatial frequency,
luminance signal 1s calculated similarly to embodiment 11
and, 1n a portion of low spatial frequency, luminance signal
1s calculated from the weighted averaging value of the
outputs of the pixels of N kinds in the vicinity of the pixel
of interest.

The arithmetic logic unit 32 operates similarly to that 1n
embodiment 11 1n the portion of high spatial frequency. In
a portion of low spatial frequency, for example, luminance
signal component Y(s,t) at the position of color filter GC of
row s, column t in FIG. 6 1s calculated by equation (35).

Y(s,0)=MC(s-1,-1)/16+GY
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(5—1,0)/8+MC(s-1,t+1)/16
+MY (s5,t-1)/8+GC(s, 1)/ 4+MY
(5,0+1)/8+MC(s+1,-1)/16
+GY (s+1,8)/8+MC

(s+1,0+1)/16 (35)

Assuming the position of the pixel of interest as (s,t), kind
of color filter of the pixel of interest as J (J 1s either MC, GY,
MY or GC), kind of the color filter of the right and left
adjacent pixels of the pixel of interest as K (K is either MC,
GY, MY or GC), kind of the color filter of the upper and
lower adjacent pixels of the pixel of interest as L (L is either
MC, GY, MY or GC), and the kind of the color filter of the
diagonally adjacent pixels of the pixel of interest as M (M
is either MC, GY, MY or GC), then luminance signal

component Y(s,t) 1s calculated by the equation (36) below.
Y(s,/)=M(s—1,0-1)/16+L
(5=1,0)/8+M(s—1,t+1)/16
+K (s, t-1)/8+T(s5,0)/4+K
(5,4+1)/8+M(s+1,t-1)/16
+L{s+1,1)/8+M

(s+1,41)/16 (36)

Embodiment 14

Although the composition of the color video camera 1n
embodiment 14 is the same as that of embodiment 13 (FIG.
31), signal processing operations in the arithmetic logic unit
32 and in the comparator 27 are different.

In embodiment 14, difference between the output signals
of right and left pixels or between the output signals of the
upper and lower pixels of the pixel of interest 1s compared
to a particular threshold. And it 1s determined that the
portion has high spatial frequency if the difference between
the output signals 1s greater than the threshold, and accord-
ingly the operation 1n embodiment 11 1s carried out, and, 1t
1s determined that the portion has low spatial frequency it
the difference between the output signals 1s less than the
threshold, and accordingly the operation 1n embodiment 13
1s carried out.

For example, the results of the calculations described
below are compared to the threshold at the position of the
color filter of GC at row s, column t 1n FIG. 6, to select one
of the methods of generating luminance signal.

MY(s,t-1)=MY{(s,t+1)| (37)

IGY(s-1,0-GY(s+1,0) (38)

Assuming the position of the pixel of interest as (s,t), the
kind of the color filter of right and left adjacent pixels of the
pixel of interest as J (J is either MC, GY, MY or GC), and
the kind of the upper and lower adjacent pixels of the color
pixel of interest as K (K is either MC, GY, MY or GC), the
results of the calculations below are compared to the thresh-
old to select one of the methods of generating luminance

signal.
(s, t=1)=T (s, 041)] (39)
IK(s—1,0)-K(s+1,1)| (40)

Embodiment 15
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Although the composition of the color video camera 1n
embodiment 15 is the same as that of embodiment 13 (FIG.
31), signal processing operations in the arithmetic logic unit
32 and 1n the comparator 27 are different.

In embodiment 15, difference between the output signals
of the pixels of the same kind of spectral response charac-
teristic 1n the vicinity of the pixel of interest 1s compared to
a particular threshold. And 1t 1s determined that the portion
has high spatial frequency 1if the difference between the
output signals 1s greater than the threshold, and the operation
of embodiment 11 1s carried out, and, 1t 1s determined that
the portion has low spatial frequency 1f the difference
between the output signals 1s less than the threshold, and the
operation of embodiment 13 is carried out.

For example, assuming that the color filter at the position
of coordinate (s,t) of the pixel of interest 1s GC, the color
filter at the positions of the right and left adjacent pixels of
the pixel of interest 1s MY, the color filter at the positions of
the upper and lower adjacent pixels of the pixel of interest
1s GY, and the color filter at the positions of the diagonally
adjacent pixels of the pixel of imnterest 1s MC as shown 1n
FIG. 6, then the results of the calculations below are
compared to the threshold to select one of the methods of
generating luminance signal.

|MY(s,t=1)-MY(s,t+1)) (41)
GY(5-1,)-GY{(s5+1,0) (42)
IMC(5=1,t-1)-MC(s5+1,¢+1)| (43)
IMC(5=1,6+1)-MC(s+1,t-1)| (44)

Assuming the position of the pixel of interest as (s,t), the
kind of the color filter of the right and left adjacent pixels of
the pixel of interest as J (J is either MC, GY, MY or GC), the
kind of the color filter of the upper and lower adjacent pixels
of the color pixel of interest as K (K is either MC, GY, MY
or GC), and the kind of the color filter of the diagonally
adjacent pixels of the pixel of interest as L (L is either MC,
GY, MY or GC), then the results of the calculations below
are compared to the threshold to select one of the methods
of generating luminance signal.

(s, t=1)=J(s,2+1)| (45)
IK(s—1,0)-K(s+1,0) (46)
IL(s—1,6=1)-L(s+1,+1)] (47)
IL(s—1,6+1)-L(s+1,0=1)] (48)

Embodiment 16

Although the composition of the color video camera 1n
embodiment 16 is the same as that of embodiment 13 (FIG.
31), signal processing operations in the arithmetic logic unit
32 and in the comparator 27 are different.

In embodiment 16, difference between the output signals
of the diagonally adjacent pixels interposing the pixel of
interest 1s compared to a particular threshold. And 1t 1is
determined that the portion has high spatial frequency if the
difference between the output signals 1s greater than the
threshold, and the operation 1n embodiment 11 1s carried out,
and, 1t 1s determined that the portion has low spatial fre-
quency 1f the difference between the output signals 1s less
than the threshold, and the operation 1n embodiment 13 1s
carried out.

For example, the results of the calculations shown below
are compared to the threshold at the position of the color
filter of GC at row s, column t 1n FIG. 6, to select one of the
methods of generating luminance signal.
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IMC(s-1,t-1)-MC(s+1,t+1)| (49)

IMC(s+1,t-1)-MC(s-1,t+1)| (50)

Assuming the position of the pixel of interest as (s,t), the

kind of the diagonally adjacent pixels of the color filter of .

the pixel of interest as J (J is either MC, GY, MY or GC), the
results of the calculations shown below are compared to the
threshold to select one of the methods of generating lumi-
nance signal.

I (s=1,6=1)=J(s+1,¢+1)] (51)

I (s+1,-1)-J(s-1,2+1) (52)

Embodiment 17

FIG. 32 shows a block circuit diagram of the color video
camera in embodiment 17. Symbols which are the same as
those of FIG. 28 indicate the identical portions and numeral
28 represents a lookup table for division which is similar to
that of FIG. 23 (embodiment 6).

The operation 1n the lookup table for division 28 1s the
same as that of embodiment 6, and will not be described
here.

Embodiment 18

Application of the calculation method of embodiment 7
with respect to embodiment 6 to the above embodiment 17
1s the embodiment 18. The operation 1n embodiment 18 1s
the same as that of embodiment 7, and will be omaitted.
Embodiment 19

The composition of the color video camera in embodi-
ment 19 is the same as that of embodiment 11 (FIG. 28). In
embodiment 19, a two-dimensional low-pass filter 1s used as
a digital filter. The filter 1s made up of only bit shift circuits
such as, for example, the number of horizontal taps 1s set to
5, number of vertical taps being 3, the weightings are 1/8,
1/4, 1/4, 1/4, 1/8 for the horizontal direction and 1/4, 1/2,
1/4, for the vertical direction. FIG. 33 shows the composi-
tion of the two-dimensional low-pass filter. In FIG. 33, 201
and 202 are one horizontal period delay circuits (1IHDLY),
204 1s a 1-bit shift circuit (1B SHIFT), 203, 205, 219 through
221, 224 through 226 and 229 through 231 are 2-bit shift
circuits (2B SHIFT), 218, 222, 223, 227, 228, 232 ar¢ 3-bit
shift circuits (3B SHIFT), 206 through 217 are one clock
delay circuits (DLY) and 233 through 236 are adders.

Assume that an 1mage sensor output S(s+1,t+2) is fed to

the two-dimensional low-pass filter of such a composition.
The output of the 2-bit shift circuit 203 is S(s+1,t+2)/4 and

the output of the 3-bit shift circuit 218 is S(s+1,t+2)/32.
Output S(s+1,t+1)/4 of the image sensor delivered at the
time one clock earlier 1s fed via the one clock delay circuit
206 to the 2-bit shift circuit 219 to obtain an output S(s+1,
t+1)/16. Similarly, outputs S(s+1,t)/16, S(s+1,t-1)/16 and
S(s+1,t-2)/32 are obtained from the 2-bit shift circuits 220,
221 and the 3-bit shift circuit 222. Accordingly, the output
of the adder 233 is given as Y'LPF(s+1,t) expressed by

equation (53).

YLPF(s+1,0=S(s+1,6+2)/32+8(s+1,0+1)/16+S(s+1,0)/16+S(s+1,t-1)/
16+8(s+1,1-2)/32 (53)

Similarly, the output of the adder 234 1s given as Y'LPF
(s,t) expressed by equation (54).

Y'LPF(5,0)=S(s,t+2)/16+S(s, t+1)/8+S(s,£)/8+S (s, 1~ 1)/8+5(s, - 2)/ 16 4)

Similarly, the output of the adder 235 1s given as Y'LPF
(s—1,t) expressed by equation (55).

YLPF(s-1,0=8(s—1,6+2)/32+8 (5= 1,:+1)/16+S(s-1,0)/16+S(s-1,t-1)/
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16+8(s—1,0-2)/32 (55)

Accordingly, two-dimensional low-pass filter output
YLPEF(s,t) of the image sensor output at the position (s,t) of
the pixel of interest can be obtained 1n the adder 236 as
shown by equation (56).

YLPF(s,0)=Y'LPF(s+1,0)+YLPF(s,))+YLPF(s-1,f) (56)

Although the described above are two-dimensional low-
pass lilter outputs of 1mage sensor outputs, the two-
dimensional low-pass filters of the Jth color filters at the
position (s,t) of the pixel of interest are made of the Jth color
filters which are arranged alternately at every other pixel 1n
both horizontal and vertical directions. Therefore use of a
two clock delay circuit mstead of a one clock delay circuit,
and a two horizontal period delay circuit instead of a one
horizontal period delay circuit will serve the purpose.
Embodiment 20

Although the composition of the color video camera 1n
embodiment 20 is the same as that of embodiment 11 (FIG.
28), method of calculating the luminance signal in the
arithmetic logic unit 32 1s different.

In embodiment 12, a luminance signal 1s obtained by
adding 1 to each of the multiplier, divisor and dividend and
subtracting 1 from the result of calculation at the end to
minimize the calculation error, as shown in equations (33)
and (34). However, as the number 1 is LSB which has no
significant effect on the result of calculation, subtraction of
1 at the end may be omitted for the simplification of the
circuit. Embodiment 20 1s an example of such simplification.
Luminance signal component Y(s,t) at the position of GC
color filter of row s, column t 1s calculated by the equation

(57) below.

Y(s,0)=(GC(s, )+ Dx((YLPF (s, )+ ) /(GCLPF(5,6)+1))

(57)

Luminance signal component Y(s,t) at position (s,t) of
color filter of kind K (K is either MC, GY, MY or GC) is
given by the equation (58) below.

Y(s,0)=(K(s, )+ D)x((YLPE (s, )+ D/(KLPF(s,1)+1))

Embodiment 21

FIG. 34 shows a block circuit diagram of the color video
camera 1n embodiment 21. In FIG. 34, symbols which are
the same as those 1n FIG. 28 indicate the identical portions.
Numerals 29, 30 represent a lookup table for logarithm and
a lookup table for power similar to those shown 1n FIG. 27
(embodiment 10).

The operation will now be described below. Luminance
signal component Y(s,t) in case the kind of color filter of the
pixel at position (s,t) 1s K (K is either MC, GY, MY or GC)
is given, for example, by the equation (58) as described in
embodiment 20. Now logarithmic conversion with base x 1s
applied to equation (58) as shown in equation (59), where ~
represents power.

(58)

Y(s,6)=x"log x{ (K(s,)+1)x((YLPF(s,0)+1)/(KLPF(s,)+1))}=x"{log
x(K(s,t)+1)+log x(YLPF(s,t)+1)-log x(KLPF(s,H)+1)} (59)

In embodiment 21, arithmetic operation can be made
using lookup tables of small capacity similarly to embodi-
ment 10 described before. Although the above description 1s
for the case of calculating a luminance signal based on the
equation of embodiment 20, 1t goes without saying that the
calculation by means of a lookup table for logarithm and a
lookup table for power may be applied to embodiment 11.
Embodiment 22

FIG. 35 shows a block circuit diagram of the color video
camera in embodiment 22. In FIG. 35, numeral 51 represents
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a lens, numeral 52 represents a refracting prism, numerals
53, 54, 55 represent 1mage sensors, numeral 56 represents a
red signal amplifier, numeral 57 represents a green signal
amplifier, numeral 58 represents a blue signal amplifier,
numerals 59, 60, 61 represent A/D converters, numerals 62,
63, 64 rcpresent memories, numerals 65, 66, 67 represent
low-pass filters (LPF), numeral 69 represents an adder,
numeral 72 represents a demultiplexer, and numeral 75
represents an arithmetic logic umit. FIG. 36 shows the
internal composition of the arithmetic logic unit 75 which
has demultiplexers 80, 81, a divider 82 and a multiplier 83.

The operation will now be described below. In FIG. 35,
incident ray on the lens 51 1s decomposed 1nto red, green and
blue by the refracting prism 52, with the light rays of
respective colors forming 1images on the 1mage sensors 353,
54, 55 which are formed by arranging photoelectric trans-
ducers optically staggering from each other on a two-
dimensional plane. Each of the 1mage sensors 53, 54, 55
mixes the signals of two upper and lower adjacent pixels to
orve one signal output. The output signals of the image
sensors 33, 54, 55 are amplified by the red signal amplifier
56, the green signal amplifier 57 and the blue signal ampli-
fier 88, respectively, so that the ratio of the output signals
therecof becomes, in the case of NTSC system, R:G:B=
0.30:0.59:0.11. The amplified signals are converted form
analog to digital signals by the A/D converters 59, 60, 61,
respectively, to obtain R, G and B signals. R 1is the red pixel
signal, G 1s the green pixel signal and B 1s the blue pixel
signal. G signal 1s stored 1in memory 62, R and B signals are
mixed by the adder 69 and stored in memory 63. The
demultiplexer 72 switches alternately between G signal and
R, B composite signal to produce a synthesized signal Y'
which 1s stored 1n memory 64. FIG. 37, FIG. 38 and FIG. 39
partly 1llustrate the configuration of G signal, R, B compos-
ite signal and Y' signal written 1n the memories 62, 63, 64.
RB 1n the drawings represents the R, B composite signal.
The signals shown in these drawings are smoothed by the
low-pass filters 65, 66, 67. FIG. 40, FIG. 41 and FIG. 42
show the outputs of the low-pass filters 65, 66 and 67,
respectively. LPF 1n the drawing 1s a symbol representing a
low-pass {ilter output.

The operation of the arithmetic logic unit 75 will be
described below. The low-pass filter output of the synthe-
sized signal Y' 1s fed to the divider 82 as the dividend. The
demultiplexer 81 switches to the low-pass filter output of G
signal if the pixel of interest 1s a green pixel or to the
low-pass filter output of R, B composite signal 1f the pixel
of mterest 1s a red, blue pixel, and the output thereof 1s fed
to the divider 82 as the divisor. The output of the divider 82
1s supplied to the multiplier 83 as the mput. The demulti-
plexer 80 switches to the G signal 1f the pixel of interest 1s
a green pixel or to the R, B composite signal if the pixel of
interest 1s a red, blue pixel, and the output thereof 1s fed to
the multiplier 83. Thus the output of the multiplier 83 is
obtained as Y signal at the pixel of interest.

In FIG. 37, luminance signal component Y(t) at the
position of green pixel of column t, for example, 1s calcu-
lated by equation (60) below.

Y(1)=G()x(YLPF(t)/GLPF (1)) (60)

Luminance signal component Y(t) at the position t of
pixel of kind K (K is either G or RB) is calculated by
equation (61) below. In this embodiment, letter t represents
the coordinate of memory 64 shown 1n FIG. 39, or represents
the coordinate of memory 62 shown 1n FIG. 37 1n case the
pixel of interest 1s G or represents the coordinate of memory
63 shown in FIG. 38 in case the pixel of interest 1s RB.
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Y(6)=K(t)x(YLPF($)/[KLPF(1))

Embodiment 23

FIG. 43 shows a block circuit diagram of the color video
camera 1n embodiment 23. In FIG. 43, numerals which are
the same as those 1n FIG. 35 indicate the identical portions
and numeral 85 represents an arithmetic logic unit with the
internal composition thereof being shown in FIG. 44. The
arithmetic logic unit 85 has a demultiplexer 80, a divider 82
and a multiplier 83.

The operation will now be described below. In embodi-
ment 23, G signal and R, B composite signal from the
demultiplexer 72 are fed to the arithmetic logic unit 85.
Low-pass filter output of the synthesized signal Y' 1s fed to
the divider 82 as the dividend. The demultiplexer 80
switches to the low-pass filter output of G signal if the pixel
of 1nterest 1s a green pixel, or to the low-pass filter output of
R, B composite signal if the pixel of imnterest 1s a red, blue
pixel, and the output thereof 1s fed to the divider 82 as the
divisor. The output of the divider 82 i1s supplied to the
multiplier 83 as the mnput. The multiplier 82 receives G
signal as the 1nput 1f the pixel of interest 1s a green pixel, or
R, B composite signal if the pixel of interest 1s a red, blue
pixel. As a result, output of the multiplier 83 1s obtained as
Y signal at the pixel of interest. The rest of the operation 1s
the same as that of embodiment 22.

The principle of calculating Y signal in the above-
mentioned embodiments 22 and 23 will now be described
below. This method 1s based on an assumption that the color
does not change significantly 1n a localized region. This
implies that ratios of signals of different colors (G, RB) to
Y' signal are approximately equal to each other in the
localized region. Ratios between signals of different colors
G, RB and Y' signal 1n a localized region are given by the
ratios between low-pass filter outputs of G, RB and low-pass
filter output of Y.

At the position of G of column t as shown by equation
(60), for example, Y(1) is obtained by multiplying G(t) by
the ratio of Y' and G in the localized region (the ratio of the
low-pass filter output of Y' signal and low-pass filter output
of G signal).

In the conventional method of 3-chip CCD color camera
based on spatial offset, the purpose 1s set at improving the
resolution. Although there arises no problem in the case of
such objects that have green signal and red-blue composite
signal 1n similar proportions, vertical lines appear 1n the case
of objects which have significantly different proportions.
Vertical lines have been reduced by passing the luminance
signal through a low-pass filter 1n the prior art, though 1t has
a problem of causing attenuation of harmonics in the lumi-
nance signal. According to this invention, Y signal is
obtained by multiplying G(t) by the ratio of Y' and G in the
localized region (the ratio of the low-pass filter output of Y'
signal and low-pass filter output of G signal), and conse-
quently 1t 1s made possible to suppress the generation of
vertical lines without attenuating the harmonics of the
luminance signal.

Embodiment 24

Although the composition of the color video camera 1n
embodiment 24 1s the same as that shown 1n FIG. 35, signal
processing 1n the arithmetic logic unit 75 1s different, and Y
signal 1s calculated by employing 1 of LSB similarly to
embodiment 3 described above. Specifically, Y(t) at the
position of G of column t is calculated by equation (62).

(61)

Y(1)=(G(6)+ Dx(YLPF(£)+1)/(GLPF()+1))-1 (62)

Luminance signal component Y(t) at the position t of a
pixel of kind K (K is either G or RB) is calculated by
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equation (63) below. Letter t represents the coordinate of
memory 64 shown in FIG. 39 1n this embodiment, coordi-
nate of memory 62 shown in FIG. 37 1n case the pixel of
interest 1s G, or coordinate of memory 63 shown 1n FIG. 38
in case the pixel of interest 1s RB.

Y(£)=(K()+1)x((YLPF(£)+1)/(KLPF(f)+1))-1 (63)

Embodiment 25

FIG. 45 shows a block circuit diagram of the color video
camera 1n embodiment 25. In FIG. 45, symbols which are
the same as those 1n FIG. 35 mdicate the identical portions,
and numeral 27 represents a comparator similar to that
shown in FIG. 22 (embodiment 4).

The operation will now be described below. The output
signals of an appropriate pixel in the vicinity of the pixel of
interest are supplied from memories 62, 63 to the compara-
tor 27. And 1t 1s determined that the 1image has a high spatial
frequency if the difference between the output signals from
pixels of the same kind 1s greater than a particular threshold,
and 1t 1s determined that the image has a low spatial
frequency if the difference between the output signals is
within the threshold. In a portion of 1image having a high
spatial frequency, luminance signal 1s calculated similarly to
embodiment 22 and, 1n a portion of low spatial frequency,
luminance signal 1s calculated from the weighted averaging
value of the outputs of G signal and RB signal.

The arithmetic logic unit 75 operates similarly to embodi-
ment 22 in the portion of high spatial frequency. In the
portion of low spatial frequency, luminance signal compo-
nent Y(t) at the position where there is no output signal of

column t in FIG. 38, for example, 1s calculated by equation
(64) below.

Y(£)=RB(t-1)/4+G(1)/2+RB(t+1)/4 (64)

When the pixel of interest 1s located at position t, the kind
of the pixel of interest is J (J is either G or RB), and the kind
of the right and left horizontal pixels of the pixel of interest
is K (K is either G or RB), luminance signal component Y{(t)
is calculated by equation (65).

Y(0)=K(t-1)/4+J(0)/2+K(t+1)/4 (65)

Embodiment 26

Although the composition of the color video camera 1n
embodiment 26 is the same as that of embodiment 25 (FIG.
45), signal processing operations in the arithmetic logic unit
75 and 1n the comparator 27 are different.

In embodiment 26, difference the between the output
signals of the right and left adjacent pixels of the pixel of
interest 1s compared to a particular threshold. And 1t is
determined that the portion has high spatial frequency 1if the
difference between the output signals 1s greater than the
threshold, and the operation of embodiment 22 1s carried
out, and, 1t 1s determined that the portion has low spatial
frequency if the difference between the output signals 1s less
than the threshold, and the operation of embodiment 25
described above 1s carried out.

For example, the result of the following calculation 1s
compared to the threshold at the position of G of column t
in FIG. 37 and at the position where there 1s no output signal
of column t m FIG. 38, to select one of the methods of
generating luminance signal.

IRB(t-1)-RB(t+1)| (66)

Assuming the position of the pixel of interest as t, the kind
of the right and left adjacent pixels of the pixel of interest as
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K (K is either G or RB), the result of the calculation below
1s compared to the threshold to select one of the methods of
generating luminance signal.

IK(t-1)-K{(t+1)|

Embodiment 27

FIG. 46 shows a block circuit diagram of the color video
camera 1n embodiment 27. In FIG. 46, symbols which are
the same as those in FIG. 35 indicate the identical portions,
and numeral 28 represents a lookup table for division similar
to that shown in FIG. 23 (embodiment 6).

The operation of the lookup table for division 28 is the
same as that 1n embodiment 6, and description thereof will
be omuitted here.

Embodiment 28

An embodiment where the method of calculation 1in
embodiment 7 with respect to embodiment 6 1s applied to
embodiment 27 described above 1s embodiment 28. The
operation of the lookup table for division 28 in embodiment
28 1s the same as that in embodiment 7, and description
thereof will be omitted here.

Embodiment 29

The composition of the color video camera 1n embodi-
ment 29 is the same as that of embodiment 22 (FIG. 35). In
embodiment 29, a one-dimensional low-pass filter 1s used as
a digital filter which 1s made up of only bit shift circuits
having weightings such as 1/8, 1/4. The construction of the
one-dimensional low-pass filter 1s the same as that in
embodiment 8 (FIG. 26) and will not be described here.
Embodiment 30

Although the composition of the color video camera 1n
embodiment 30 1s the same as that of embodiment 22 (FIG.
35), the method of calculating the luminance signal in the
arithmetic logic unit 75 1s different.

In embodiment 24, the luminance signal 1s obtained by
adding 1 to each of the multiplier, divisor and dividend and
subtracting 1 from the result of calculation at the end to
minimize the calculation error, as shown in equations (62)
and (63). However, as the number 1 is LSB which has no
significant effect on the result of calculation, subtraction of
1 at the end may be omitted for the simplification of the
circuit. Embodiment 30 1s an example of such simplification.
Luminance signal component Y(t) at the position of G of
column t 1s calculated by the equation (68) below.

(67)

Y(0)=(G()+D)x(YLPF()+1)/(GLPF()+1)) (68)

Luminance signal component Y(t) at position t of pixel of
kind K (K 1s either G or RB) is given by the equation (69)
below.

Y(1)=(K(O)+1D)x((YLPF()+1)/(KLPF()+1)) (69)

Embodiment 31

FIG. 47 shows a block circuit diagram of the color video
camera 1n embodiment 31. In FIG. 47, symbols which are
the same as those 1n FIG. 35 indicate the identical portions.
Numerals 29, 30 represent a lookup table for logarithm and
a lookup table for power which are similar to those shown
in FIG. 27 (embodiment 10).

The operation will now be described below. Luminance
signal component Y(t) in case the kind of the pixel at
position t is K (K is either G or RB), for example, is given
by equation (69) as described in embodiment 30. Now
logarithmic conversion with base x as shown 1n equation
(70) is applied to equation (69), where ™ represents power.

Y(6)=x"log x{ (K()+1)x(YLPF()+1)/(KLPF(t)+1)) }=x"{log x(K()+
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D+log x(Y'LPF()+1)-log x(KLPF(t)+1)} (70)

In embodiment 31, calculation can be made by using
lookup tables of small capacity as 1n embodiment 10
described before. Although the above description 1s for the
case of calculating luminance signal based on the equation
of embodiment 30, 1t goes without saying that the calcula-
tion by means of a lookup table for logarithm and a lookup
table for power may be applied to embodiment 22.
Embodiment 32

FIG. 48 shows a block circuit diagram of the color video
camera 1n embodiment 32. In FIG. 48, numerals which are
the same as those 1n FIG. 35 indicate the identical portions
and will not be described here. In FIG. 48, numerals 92, 93,
94 represent two-dimensional memories, and numerals 95,
96, 97 represent two-dimensional low-pass filters (LPF).

The operation will now be described below. The basic
operation 1s the same as that of embodiment 22. The
configuration of G signal, R, B composite signal and Y’
signal written 1n the two-dimensional memories 95, 96, 97
1s partially illustrated 1in FIG. 49, FIG. 50 and FIG. 51. The
signals shown in these drawings are smoothed by the
two-dimensional low-pass filters 95, 96, 97. FIG. 52, FIG.
53, FIG. 54 show the outputs of the two-dimensional low-
pass filters 95, 96, 97. Letters LPF 1n the drawing imdicate
the low-pass filter output.

Embodiment 32 1s an example of using two-dimensional
low-pass {ilters 1nstead of one-dimensional low-pass filters
of embodiment 22. In FIG. 49, luminance signal component
Y(s,t) at the position of green pixel of row s, column t, for
example, is calculated by equation (71).

Y(s,0)=G(s,))x(YLPF(s,0)/{GLPF(s,1)) (71)

[Luminance signal component Y(s,t) at the position (s,t) of
a pixel of kind K (K 1s either G or RB) 1s given by equation
(72) below, where (s,t) represents the coordinates of the
two-dimensional memory 94 shown 1n FIG. 51, the coordi-
nates of the two-dimensional memory 92 shown 1n FIG. 49
in case the pixel of interest 1s G, and the coordinates of the
two-dimensional memory 93 shown in FIG. 50 1n case the
pixel of interest 1s RB.

Y{(s,6)=K(s,))x(Y'LPF(s,t)/KLPF(s,1))

Embodiment 33

FIG. 55 shows a block circuit diagram of the color video
camera 1n embodiment 33. In FIG. 55, numerals which are
the same as those 1n FIG. 48 indicate the 1dentical portions
and will not be described here. In FIG. §5, the arithmetic
logic unit 85 has the same composition as that of the
arithmetic logic unit 85 in embodiment 23 described previ-
ously (FIG. 44). In this embodiment 33, a demultiplexer 72
feeds G signal and R, B composite signal to the arithmetic
logic unit 85. In embodiment 33, two-dimensional low-pass
filters are used instead of one-dimensional low-pass filters of
embodiment 23.

The principle of calculating the Y signal in embodiments
32, 33 1s basically the same as that in embodiments 22, 23,
and 1s capable of eliminating the modulated components of
the color signal without reducing the harmonics of the
luminance signal.

Embodiment 34

Although the composition of the color video camera 1n
embodiment 34 is the same as that of embodiment 32 (FIG.
48), the method of calculating the Y signal in the arithmetic
logic unit 75 1s different.

The arithmetic operation in the arithmetic logic unit 75
will be described below. If each signal 1s made up of eight
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bits to represent the hue 1 256 steps, for example, and value
1 of LSB 1s employed as a constant, the luminance signal
component Y(s,t) at the position of G of row s, column t is
calculated by equation (73) as shown below.

Y(s,1)=(G(s, )+ 1)x (YLPE(s, )+1)/(GLPF(s, £)}+1))~1 (73)

The luminance signal component Y(s,t) at position (s,t) of
pixel of kind K (K i1s either G or RB) is given by equation
(74) below.

Y(s,£)=(K(s, )+ D )x((YLPF(s,6)+1)/(KL PF(s,£)+1))~1 (74)

Embodiment 35

FIG. 56 shows a block circuit diagram of the color video
camera 1n embodiment 35. In FIG. 56, symbols which are
the same as those 1n FIG. 48 indicate the 1dentical portions
and numeral 27 represents a comparator which 1s similar to
that of FIG. 22 (embodiment 4).

The operation will now be described below. Difference
between output signals of pixels of the same kind which are
fed to the comparator 27 from the two-dimensional memo-
ries 92, 93 1s compared to a particular threshold to determine
whether the spatial frequency of the 1mage 1s high or low. In
a portion of the image with high spatial frequency, the
luminance signal 1s calculated similarly to embodiment 32
and, 1n a portion of low spatial frequency, the luminance
signal 1s calculated from the weighted averaging value of the
G signal and RB signal 1n the vicinity of the pixel of interest.

The arithmetic logic unit 75 operates similarly to that in
embodiment 32 1n a portion of high spatial frequency. In a
portion of low spatial frequency, the luminance signal com-
ponent Y(s,t) at the position of G of row s, column t in FIG.
49, and at a position where there 1s no output signal of row
s, column t 1n FIG. 50, for example, 1s calculated by equation

(75).

Y(s,/)=RB(s-1,0-1)/16+G
(s—1,0)/8+RB(s-1,t
+1)/16+RB(s,t-1)/8+G
(s,8)/4+RB(s,t+1)/8+RB
(s+1,i-1)/16+G
(s+1,2)/8+RB
(s+1,:41)/16

(75)

Assuming the position of the pixel of interest as (s,t), kind
of the pixel of interest as J (J is either G or RB), kind of the
right and left adjacent pixels of the pixel of interest as K (K
is either G or RB), then the luminance signal component
Y(s,t) is calculated by equation (76) below.

Y(s,£)=K{(s—1,t-1)/16+J
(s—1,0)/8+K(s-1,t+1)/16
+K (s, t-1)/8+J(s,0)/4+K
(s,1+1)/8+K(s+1,t-1)/16
+J(s+1,8)/8+K
(s+1,7+1)/16

(76)

Embodiment 36
Although the composition of the color video camera 1n

embodiment 36 is the same as that of embodiment 35 (FIG.
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56), the signal processing operations in the arithmetic logic
unit 75 and 1n the comparator 27 are different.

In embodiment 36, the difference between the output
signals of the right and left pixels, or between the output
signals of the upper and lower pixels, of the pixel of interest
1s compared to a particular threshold. And 1t 1s determined
that the portion has high spatial frequency if the difference
between the output signals 1s greater than the threshold, and
the operation 1mn embodiment 32 i1s carried out, and, 1t 1s
letermined that the portion has low spatial frequency if the

C
difference between the output signals 1s less than the
{
C

hreshold, and accordingly the operation in embodiment 35
lescribed above 1s carried out.

For example, result of the calculation described below 1s
compared to a particular threshold at the position of G at row
s, column t 1n FIG. 49, and at the position where there 1s no
output signal at row s, column t 1n FIG. 50, thereby to select
one of the methods of generating the luminance signal.

IRB(s, t-1)-RB(s,t+1)

|G(s—1,6)-G(s+1,0)|

(77)
(78)

Assuming the position of the pixel of interest as (s,t), the

kind of the pixel of interest as J (J is either G or RB), and
the kind of the right and left adjacent pixels of the pixel of
interest as K (K is either G or RB), then the results of the
calculations below are compared to a particular threshold to
select one of the two methods of generating the luminance
signal.

IK(S: I—l)—K(S} H'l)l

U(s=1,0)~J(s+1,0)|

(79)
(80)

Embodiment 37

Although the composition of the color video camera 1n
embodiment 37 is the same as that of embodiment 35 (FIG.
56), the signal processing operations in the arithmetic logic
unit 75 and 1n the comparator 27 are different.

In embodiment 37, the difference between the outputs of
the pixels of the same kind in the vicinity of the pixel of
interest 1s compared to a particular threshold. And 1t is
determined that the portion has high spatial frequency 1if the
difference 1s greater than the threshold, and the operation of
embodiment 32 1s carried out, and, 1t 1s determined that the
portion has low spatial frequency if the difference 1s less
than the threshold, and accordingly the operation of embodi-
ment 35 described previously 1s carried out.

For example, the results of the calculations below are
compared to a particular threshold at the position of G of
row s, column t 1n FIG. 49 and at a position where there 1s
no output signal of row s, column t in FIG. 50, to select one
of the two methods of generating the luminance signal.

[RB(s, t-1)-RB(s, +1)] (81)
G(s=1,6)-G(s5+1,0)] (82)
IRB(s—1,0-1)-RB(s+1,1+1)] (83)
IRB(s—1,0+1)-RB(s+1,-1)] (84)

Assuming that the position of the pixel of interest is (s,t),
the kind of the pixel of interest as J (J is either G or RB), and
the kind of the right and left adjacent pixels of the pixel of
interest as K (K is either G or RB), the results of the
calculations below are compared to a particular threshold to
select one of the two methods of generating the luminance
signal.
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K (5,0~ 1)-K(s,1+1)| (85)
P(s-1,0-J(s+1,0) (86)
K (s-1,t-1)-K(s+1,2+1)] (87)
K (s—1,0+1)-K(s+1,-1)] (88)

Embodiment 38

Although the composition of the color video camera 1n
embodiment 38 is the same as that of embodiment 35 (FIG.
56), the signal processing operations in the arithmetic logic
unit 75 and 1 the comparator 27 are different.

In embodiment 38, the difference between the output
signals of the diagonally adjacent pixels interposing the
plxel of 1nterest 1s compared to a particular threshold. And
it 1s determined that the portion has high Spatlal frequency
if the difference between the output signals 1s greater than
the threshold, and the operation in embodiment 32 1s carried
out, and, it 1s determined that the portion has low spatial
frequency if the difference between the output signals 1s less
than the threshold, and the operation in embodiment 35
described previously 1s carried out.

For example, results of the calculations shown below are
compared to the threshold at the position of G at row s,
column t 1n FIG. 49, and at a position where there 1s no
output signal of row s, column t 1n FIG. 50, thereby to select
one of the two methods of generating the luminance signal

accordingly.

IRB(s5—1,:-1)-RB(s+1,t+1)] (89)

IRB(s+1,:-1)-RB(s—1,t+1)] (90)

Assuming the position of the pixel of interest as (s,t), the
kind of the diagonally adjacent pixels of the pixel of interest
as J (J 1s either G or RB), the results of the calculations
shown below are compared to the threshold, thereby to
select one of the two methods of generating the luminance
signal.

J(s—1,t-1)—J(s+1,641)| (91)

J(s+1,0-1)-J(s—1,0+1)| (92)

Embodiment 39

FIG. 57 shows a block circuit diagram of the color video
camera 1n embodiment 39. In FIG. 57, symbols which are
the same as those of FIG. 48 indicate the identical portions,
and numeral 28 represents a lookup table for division which
is similar to that of FIG. 23 (embodiment 6).

The operation 1n the lookup table for division 28 is the
same as that of embodiment 6, and will not be described
here.

Embodiment 40

Application of the method of calculation 1n embodiment
'/ with respect to embodiment 6 to the above embodiment 39
1s this embodiment 40. The operation of the lookup table for
division 28 1 embodiment 40 i1s the same as that of
embodiment 7, and will not be described here.
Embodiment 41

The composition of the color video camera 1n embodi-
ment 41 is the same as that of embodiment 32 (FIG. 48). In
embodiment 41, a two-dimensional low-pass filter made up
of only bit shift circuits of weightings such as 1/8, 1/4, 1/2
1s used as a digital filter. The composition of the two-
dimensional low-pass filter 1s stmilar to that of embodiment
19 (FIG. 33) where output Y'LPF(s,t) is obtained from the
two-dimensional low-pass filter 1in response to the synthe-
sized signal Y', and description thereof will be omitted here.
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It should be noted here, however, that use of a two clock
delay circuit instead of a one clock delay circuit serves the
purpose, because the two-dimensional low-pass filter for the
Kth pixel at the position (s,t) of the pixel of interest is made
by arranging the Kth pixels alternately every other pixel in
the horizontal direction.

Embodiment 42

Although the composition of the color video camera 1n
embodiment 42 is the same as that of embodiment 32 (FIG.
48), the method of calculating the luminance signal in the
arithmetic logic unit 75 1s different.

In embodiment 34, the luminance signal 1s obtained by
adding 1 to each of the multiplier, divisor and dividend and
subtracting 1 from the result of calculation at the end to
minimize the calculation error, as shown in equations (73)
and (74). However, because the number 1 is LSB which has
no significant effect on the result of calculation, subtraction
of 1 at the end may be omitted for the simplification of the
circuit. Embodiment 42 1s an example of such simplification.
The luminance signal component Y(s,t) at the position of G
of row s, column t is calculated by equation (93) below.

Y(s,0)=(G (s, )+ D x((YLPF(s,))+1)/(GLPF(s,5)+1)) (93)

The luminance signal component Y(s,t) at position (s,t) of
pixel of kind K (K is either G or RB) is given by equation
(94) below.

Y(s,0)=(K(s, )+ Dx((YLPF(s,6)+1)/(KLPF(s,£)+1))

Embodiment 43

FIG. 58 shows a block circuit diagram of the color video
camera 1n embodiment 43. In FIG. 58, symbols which are
the same as those 1 FIG. 48 indicate the identical portions.
Numerals 29, 30 represent a lookup table for logarithm and
a lookup table for power similar to those shown 1n FIG. 27
(embodiment 10).

The operation will now be described below. The calcu-
lation of the luminance signal component Y(s,t) in case the
kind of the pixel at position (s,t) is K (K is either G or RB)
is given, for example, by the equation (94) as described in
embodiment 42. To this equation (94), the logarithmic
conversion with base x is applied as shown in equation (95),
where ” represents power.

(94)

Y(s,6)=X"1og x{(K(s,t)+1)x((Y'LPF(s,t)+1)/(KLPF(s,£)+1))}=X"{log
x(K(s,0)+1)+log x(Y'LPF(s,t)+1)-log x(KLPF(s,t)+1)} (95)

In this embodiment 43, the arithmetic operation can be
made using lookup tables of small capacity similarly to
embodiment 10 described before. Although the above
description 1s for the case of calculating a luminance signal
based on the equation of embodiment 42, the calculation by
means of a lookup table for logarithm and a lookup table for
power may be applied to embodiment 32.

Embodiment 44

FIG. 59 shows a block circuit diagram of the color video
camera 1n embodiment 44. In FIG. 59, numerals which are
the same as those 1 FIG. 15 indicate the identical portions.
In FIG. 59, numeral 45 represents a low-pass filter (LPF),
numeral 46 represents a band-pass filter (BPF) and numeral
47 represents an adder.

The operation will now be described below. The basic
operation from the lens 1 to the arithmetic logic unit 23 1s the
same as that of embodiment 2. The output of the image
sensor 2 1s fed to the low-pass filter 45 to obtain YL signal
as the output. The YL signal 1s similar to the luminance
signal obtained with the prior art (see FIG. 2).

The operation of the arithmetic logic unit 23 will be
described below. When the low-pass filter output of Y' signal
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is fed to the divider 25 as the dividend (FIG. 16), the
arithmetic operation similar to that 1n embodiment 2 1s
performed to obtain the output of the multiplier 26 as the
YH' signal of the pixel of interest.

In FIG. 17, YH' signal at the position of color filter GC of

column t, for example, 1s calculated by equation (96) below.

YH'(£)=GC()x(Y'LPF(f)/GCLPF(1)) (96)

YH' signal at the position t of the color filter of kind K (K

is either MC, GY, MY or GC) is calculated by equation (97)
below, similarly to embodiment 2.

YH'(6)=K(0)x(Y'LPF()/KLPF(1)) (97)

The aperture correction 1s carried out by taking harmonics
component YH from the YH' signal by means of the band-
pass filter 46, combining the harmonics component YH and
the YL signal in the adder 47 and thereby obtaining the
luminance signal Y.

The principle of calculating the YH' signal 1n this embodi-
ment 44 1s basically the same as the calculation of the Y
signal in embodiment 2. Calculating the YH' signal 1n this
way makes it possible to eliminate the modulated compo-
nents of the color signal without reducing the harmonics of
the luminance signal. Consequently, the aperture correction
without unnatural enhancement 1s made possible by taking
the harmonics component YH from the YH' signal and
mixing 1t with the YL signal.

Embodiment 45

Although the composition of the color video camera 1n
embodiment 45 is the same as that of embodiment 44 (FIG.
59), the method of calculating the YH' signal in the arith-
metic logic unit 23 1s different.

The arithmetic operation 1n the arithmetic logic unit 23
will be described below. If each signal 1s made up of eight
bits to represent the hue 1n 256 steps, for example, and value
1 of LSB 1s employed as a constant, YH' signal at the
position of color filter GC of column t 1s calculated by
equation (98) as shown below.

YH()=(GCO)+1)x(YLPF()+1)/(GCLPF(f)+1))-1 (98)

The calculation of YH' signal at the position t of color
filter of kind K (K 1s either MC, GY, MY or GC) is given by
equation (99).

YE(§)=(K () + Dx ((YLPF(£)+1)/(KLPF(#)+1))-1 (99)

Embodiment 46

FIG. 60 shows a block circuit diagram of the color video
camera 1n embodiment 46. In FIG. 60, symbols which are
the same as those 1n FIG. 59 indicate the identical portions,
and numeral 27 represents a comparator similar to that
shown in FIG. 22 (embodiment 4).

The operation will now be described below. The output
signals of appropriate pixels in the vicinity of the pixel of
interest are supplied from the field memory 8 to the com-
parator 27. In a portion where the 1mage has a high spatial
frequency, YH' signal 1s calculated similarly to embodiment
44 and, 1n a portion of a low spatial frequency, YH' signal
1s calculated from the weighted averaging value of the
outputs of pixels of N kinds in the vicinity of the pixel of
interest.

The arithmetic logic unit 23 operates similarly to embodi-
ment 44 1n the portion of high spatial frequency. In the
portion of low spatial frequency, YH' signal at the position
of color filter of GC of column t 1n FIG. 17, and at the

position where there 1s no output signal of column t 1n FIG.
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18, for example, is calculated by equation (100) below,
similarly to embodiment 4.

YH'()=MY{(t-1)/4+GC()/2+MY(1+1)/4 (100)

The YH' signal, when the pixel of interest 1s located at
position t, kind of the color filter of the pixel of interest 1s
J and the kind of the color filters of the right and left adjacent
pixels of the pixel of interest 1s K, 1s calculated by equation
(101) below similarly to embodiment 4.

YH'()=K(t-1)/4+J()/2+K(1+1)/4 (101)

Embodiment 47

Although the composition of the color video camera 1n
embodiment 47 is the same as that of embodiment 46 (FIG.
60), the signal processing operations in the arithmetic logic
unit 23 and 1n the comparator 27 are different.

In embodiment 47, the difference between the output
signals of the right and left adjacent pixels of the pixel of
interest 1s compared to a particular threshold. And it 1s
determined that the portion has a high spatial frequency it
the difference between the output signals 1s greater than the
threshold, and the operation in embodiment 44 1s carried out,
and, 1t 1s determined that the portion has a low spatial
frequency if the difference between the output signals 1s less
than the threshold, and accordingly the operation in embodi-
ment 46 1s carried out.

Results of the calculations by the same equations (20),
(21) as in embodiment 5 are compared to a particular
threshold, and the method of calculating the YH' signal 1s
selected according to the result of comparison.
Embodiment 48

FIG. 61 shows a block circuit diagram of the color video
camera 1n embodiment 48. In FIG. 61, symbols which are
the same as those 1n FIG. 59 indicate the identical portions,
and numeral 28 represents a lookup table for division similar
to that shown in FIG. 23 (embodiment 6).

The operation of the lookup table for division 28 1s the
same as that in embodiment 6, and will not be described
here.

Embodiment 49

Application of the calculation method of embodiment 7
with respect to embodiment 6 to the above embodiment 48
1s this embodiment 49. The operation of the lookup table for
division 28 1n embodiment 49 1s the same as that of
embodiment 7, and will not be described here.
Embodiment 50

The composition of the color video camera 1n embodi-
ment 50 is the same as that of embodiment 44 (FIG. 59). In
embodiment 50, a one-dimensional low-pass filter made up
of only bit shift circuits of weightings such as 1/8, 1/4 1s used
as a digital filter. The composition of the one-dimensional
low-pass filter is similar to that of embodiment 8 (FIG. 26),
and description thereof will be omitted here.

Embodiment 51

Although the composition of the color video camera 1n
embodiment 51 is the same as that of embodiment 44 (FIG.
59), the method of calculating the YH' signal in the arith-
metic logic unit 23 1s different.

In embodiment 45, YH' signal 1s obtained by adding 1 to
cach of the multiplier, divisor and dividend and subtracting
1 from the result of calculation at the end to minimize the
calculation error, as shown in equations (98) and (99).
However, because the number 1 1s LSB which has no
significant effect on the result of calculation, subtraction of
1 at the end may be omitted for the simplification of the
circuit. Embodiment 51 1s an example of such simplification,
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where YH' signal at the position of color filter GC of column
t 1s calculated by equation (102) below.

YH()=(GC(O)+1)x((YLPF(O)+1)/(GCLPF(f)+1)) (102)

The YH' signal at the position t of color filter of kind K
is given by equation (103) below.

YE(§)=(K()+ Dx((YLPF(£)+1)/(KLPF(£)+1)) (103)

Embodiment 52

FIG. 62 shows a block circuit diagram of the color video
camera 1n embodiment 52. In FIG. 62, symbols which are
the same as those 1n FIG. 59 indicate the identical portions,
and numerals 29, 30 represent a lookup table for logarithm
and a lookup table for power which are similar to those
shown in FIG. 27 (embodiment 10).

The operation will now be described below. The calcu-
lation of the YH' signal 1n case the kind of the color filter at
position t is K, for example, is given by equation (103) as
described i embodiment 51. Logarithmic conversion with
base x as shown in equation (104) is applied to equation
(103), where ™ represents power.

YE'(£)=Xlog x{(K()}+1)x((YLPF(f)+1)/(KLPF(£)+1))}=X"{log

x(K(t)+1)+log x(YLPF(t)+1)-log x(KLPF(t)+1)} (104)

In this embodiment 52, too, the calculation can be carried
out with lookup tables of small capacity as in the case of
embodiment 10 described previously. Although the above
description 1s for the case of calculating YH' signal based on
the equation of embodiment 51, 1t goes without saying that
the calculation by means of a lookup table for logarithm and
a lookup table for power may be applied to embodiment 44.
Embodiment 53

FIG. 63 shows a block circuit diagram of the color video
camera 1n embodiment 53. In FIG. 63, numerals which are
the same as those of FIG. 28 indicate the identical portions,
and will not be described here.

The operation will now be described below. Embodiment
53 1s an example of using two-dimensional low-pass filters
instead of one-dimensional low-pass filters in embodiment
44. In FIG. 6, YH' signal at the position of the color filter GC

of row s, column t, for example, 1s calculated by equation

(105).

YH'(5,0)=GC(s,))x(Y’LPF(s,1)/GCLPF(s,1)) (105)

The calculation of the YH' signal at the position (s,t) of
color filter of kind K is given by equation (106) below.

YH'(s,0)=K(s,))x(Y'LPF(s,0)/KLPF(s,1)) (106)

The principle of calculating the YH' signal 1n this embodi-
ment 1s basically the same as that 1n embodiment 44.
Similarly to the case of embodiment 44, 1t 1s possible to
climinate the modulated components of the color signal
without reducing the harmonics of the luminance signal,
thereby enabling to carry out aperture correction without
unnatural enhancement.

Embodiment 54

Although the composition of the color video camera 1n
embodiment 54 is the same as that of embodiment 53 (FIG.
63), the method of calculating the Y signal in the arithmetic
logic unit 32 1s different.

The arithmetic operation 1n the arithmetic logic unit 32
will be described below. If each signal 1s made up of eight
bits to represent the hue 1n 256 steps, for example, and value
1 of LSB 1s employed as a constant, YH' signal at the
position of color filter GC of row s, column t 1s calculated
by equation (107) as shown below.
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YH'(s,0)=(GC(s,)+Dx(Y'LPF(s,)+1)/(GCLPF(S,T)+1))-1  (107)

The calculation of the YH' signal at the position (s,t) of
color filter of kind K is given by equation (108) below.

YE (s, £)=(K (s, )+ D)x ((YLPE (s, )+ ) /(KLPF(s,/)+1))~1 (108)

Embodiment 55

FIG. 64 shows a block circuit diagram of the color video
camera 1n embodiment 55. In FIG. 64, symbols which are
the same as those 1n FIG. 63 indicate the 1dentical portions
and numeral 27 represents a comparator which 1s similar to
that of FIG. 22 (embodiment 4).

The operation will now be described below. The output
signals of appropriate pixels around the pixel of interest are
fed to the comparator 27 from the field memory 8. In a
portion of the image with a high spatial frequency, YH'
signal 1s calculated similarly to embodiment 53 and, in a
portion of low spatial frequency, YH' signal 1s calculated
from the weighted averaging value of the outputs of pixels
of N kinds around the pixel of interest.

The arithmetic logic unit 32 operates similarly to that in
embodiment 53 in the portion of high spatial frequency. In
a portion of low spatial frequency, YH' signal at position of
color filter GC of row s, column t in FIG. 6, for example, 1s
calculated by equation (109).

YH'(5,))=MC(s5-1,:-1)/16+GY
(5-1,0)/8+MC(s-1,:+1)/16+MY
(5,0=1)/8+GC (5, 0)/4+MY (s, 1+1)/8
+MC(s+1,=1)/16+GY(s+1,1)/8+

MC(s+1,6+1)/16 (109)

Assuming the position of the pixel of interest as (s,t), kind
of color filter of the pixel of interest as J, kind of the color
filters of the right and left adjacent pixels of the pixel of
interest as K, kind of the color filters of the upper and lower
adjacent pixels of the pixel of interest as L, kind of the color
filters of the diagonally adjacent pixels of the pixel of
interest as M, then YH' signal is calculated by equation (110)
below.

YH (5,0)=M(s—1,:-1)/16+L
(5—1,0)/8+M(s5—1,:+1)/16+K
(5,0=1)/8+J (5, 0)/4+K (s,1+1)/8
+M(s+1,0-1)/16+L(s+1,£)/8+

M(s+1,/+1)/16 (110)

Embodiment 56

Although the composition of the color video camera 1n
embodiment 56 1s the same as that of embodiment 55 (FIG.
64), the signal processing operations in the arithmetic logic
unit 32 and 1n the comparator 27 are different.

In embodiment 56, the difference between the output
signals of the right and left adjacent pixels of the pixel of
interest or the difference between the output signals of the
upper and lower adjacent pixels of the pixel of interest 1s
compared to a particular threshold. And 1t 1s determined that
the portion has high spatial frequency if the difference
between the output signals 1s greater than the threshold, and
the operation of embodiment 53 i1s carried out, and 1t 1s
determined that the portion has low spatial frequency if the
difference between the output signals 1s less than the
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threshold, and accordingly the operation of embodiment
described above 1s carried out.

Results of calculation of the same equations (37) through
(40) as in embodiment 14 described previously are com-
pared to a particular threshold, and the method of calculating
the YH' signal 1s selected according to the result of com-
parison.

Embodiment 57

Although the composition of the color video camera 1n
embodiment 57 is the same as that of embodiment 55 (FIG.
64), the signal processing operations in the arithmetic logic
unit 32 and in the comparator 27 are different. In embodi-
ment 57, the difference between pixels of the same spectral
response characteristics around the pixel of mterest 1s com-
pared to a particular threshold. And it 1s determined that the
portion has a high spatial frequency 1if the difference 1s
oreater than the threshold, and the operation of embodiment
53 1s carried out, and, 1t 1s determined that the portion has a
low spatial frequency 1if the difference i1s less than the
threshold, and the operation of embodiment 55 described
above 1s carried out.

Results of calculation of the same equations (41) through
(48) as in embodiment 15 described previously are com-
pared to a particular threshold, and the method of calculating
the YH' signal 1s selected according to the result of com-
parison.

Embodiment 58

Although the composition of the color video camera 1n
embodiment 58 is the same as that of embodiment 55 (FIG.
64), the signal processing operations in the arithmetic logic
unit 32 and 1n the comparator 27 are different.

In embodiment 58, the difference between the output
signals of diagonally adjacent pixels interposing the pixel of
interest 1s compared to a particular threshold. And it is
determined that the portion has a high spatial frequency it
the difference between the output signals 1s greater than the
threshold, and the operation of embodiment 53 1s carried
out, and, 1t 1s determined that the portion has a low spatial
frequency 1f the difference between the output signals 1s less
than the threshold, and accordingly the operation of embodi-
ment 55 described previously 1s carried out.

Results of calculation of the same equations (49) through
(52) as in embodiment 16 described previously are com-
pared to a particular threshold, and the method of calculating
the YH' signal 1s selected according to the result of com-
parison.

Embodiment 59

FIG. 65 shows a block circuit diagram of the color video
camera 1n embodiment 59. In FIG. 65, symbols which are
the same as those 1n FIG. 63 indicate the identical portions,
and numeral 28 represents a lookup table for division similar
to that shown in FIG. 23 (embodiment 6).

The operation of the lookup table for division 28 is the
same as that in embodiment 6, and will not be described
here.

Embodiment 60

Application of the calculation method of embodiment 7
with respect to embodiment 6 to the above embodiment 59
1s this embodiment 60. The operation of the lookup table for
division 28 in embodiment 60 1s the same as that of
embodiment 7, and will not be described here.
Embodiment 61

The composition of the color video camera 1in embodi-
ment 61 is the same as that of embodiment 53 (FIG. 63). In
embodiment 61, a two-dimensional low-pass filter made up
of only bit shift circuits of weightings such as 1/8, 1/4, 1/2
1s used as a digital filter. The composition of the two-
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dimensional low-pass filter 1s stmilar to that of embodiment
19 (FIG. 33), and the description thereof will be omitted.

Embodiment 62

Although the composition of the color video camera 1n
embodiment 62 is the same as that of embodiment 53 (FIG.
63), the method of calculating the YH' signal in the arith-
metic logic unit 32 1s different.

In embodiment 54, the luminance signal 1s obtained by
adding 1 to each of the multiplier, divisor and dividend and
subtracting 1 from the result of calculation at the end to
minimize the calculation error, as expressed by equations
(107) and (108). However, because the number 1 1s LSB
which has no significant effect on the result of calculation,
subtraction of 1 at the end may be omitted for the simpli-
fication of the circuit. Embodiment 62 1s an example of such
simplification, where YH' signal at the position GC of row
s, column t is calculated by equation (111) below.

YH'(5,)=(GC(s, )+ 1)x((YLPF(s,0)+1)/(GCLPF(s,0)+1)) (111)

The YH' signal at the position (s,t) of the color filter of
kind K of the pixel of interest is given by the equation (112)
below.

YE (s, 0)=(K (s, )+ Dx (YLPF (s, )+1)/(KLPF(s,/)+1)) (112)

Embodiment 63

FIG. 66 shows a block circuit diagram of the color video
camera 1n embodiment 63. In FIG. 66, symbols which are
the same as those 1n FIG. 63 indicate the identical portions.
Numerals 29, 30 represent a lookup table for logarithm and
a lookup table for power which are similar to those shown
in FIG. 27 (embodiment 10).

The operation will now be described below. The calcu-
lation of the YH' signal 1n case the kind of the color filter of
the pixel at position (s,t) 1s K is given by equation 112) as
described 1n embodiment 62. Logarithmic conversion with
base x as shown in equation (113) is applied to equation
(112), where ~ represents power.

YH'(s,6)=X"1log x{(K(s,0)+1)x((Y'LPF(s,t)+1)/(KLPF(s,£)+1)) }=
X {log x(K(s,0)+1)+log x(YLPF(s,t)+1)-log x(KLPF(s,t)+1)113)

In this embodiment 63, the calculation can be carried out
with lookup tables of small capacity as in the case of
embodiment 10. Although the above description is for the
case of calculating YH' signal based on the equation of
embodiment 62, the calculation by means of a lookup table
for logarithm and a lookup table for power may be applied
to embodiment 53.

Embodiment 64

FIG. 67 shows a block circuit diagram of the color video
camera 1n embodiment 64. In FIG. 67, numerals which are
the same as those 1n FIG. 35 indicate the identical portions.
In FIG. 67, numeral 68 represents a low-pass filter (LPF),
numeral 70, 71 represent adders, numeral 73 represents a
demultiplexer and numeral 74 represents a band-pass filter
(BPF).

The operation will now be described below. The basic
operation from the lens 1 to the arithmetic logic unit 75 1s the
same as that of embodiment 22. The output signals of A/D
converters 59, 61 are mixed 1n the adder 71. The demulti-
plexer 73 switches the composite signal and the output
signal of A/D converter 60 alternately to supply mput to the
low-pass filter 68, thereby to obtain YL signal as the output.
The YL signal 1s similar to the luminance signal obtained
with the prior art (see FIG. 3).

The operation of the arithmetic logic unit 75 will be
described below. The composition of the arithmetic logic
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unit 75 1s the same as that of embodiment 22 (FIG. 36).
When the low-pass filter output of Y' signal 1s fed to the
divider 82 as the dividend, the arithmetic operation similar
to that n embodiment 22 1s performed to obtain the output
of the multiplier 83 as the YH' signal.

In FIG. 37, YH' signal at the position of green pixel of
column t, for example, is calculated by equation (114)
below.

YH'()=G())x(YLPF(1)/GLPF(1)) (114)

The YH' signal at the position t of a pixel of kind K 1s

calculated by equation (115) below, similarly to embodiment
22.

YH'(6)=K(0)x(Y'LPF()/KLPF (1) (115)

The aperture correction 1s performed by taking harmonics
component YH from the YH' signal by means of the band-
pass filter 74, combining the harmonics component YH and
the YL signal in the adder 70 and thereby obtaining the
luminance signal Y.

Embodiment 65

FIG. 68 shows a block circuit diagram of the color video
camera 1n embodiment 65. In FIG. 68, numerals which are
the same as those of FIG. 67 or FIG. 43 indicate the 1dentical
portions. The composition of the arithmetic logic unit 85 1s
the same as that of embodiment 23 (FIG. 44).

In this embodiment, too, YH' signal which 1s similar to
that of embodiment 64 1s obtained from the arithmetic logic
unit 85, with aperture correction being carried out similarly
to embodiment 64 thereafter.

The principle of calculating the YH' signal in embodi-
ments 64, 65 1s basically the same as the calculation of Y
signal 1 embodiments 22, 23. When the YH' signal is
calculated, 1t 1s made possible to eliminate the modulated
components of the color signal without reducing the har-
monics of the luminance signal. Thus 1t 1s made possible to
carry out aperture correction without unnatural
enhancement, by taking harmonics component YH from the
YH' signal and mixing it with the YL signal.

Embodiment 66

Although the composition of the color video camera 1n
embodiment 66 1s the same as that of FIG. 67, the signal
processing operation 1n the arithmetic logic unit 75 1s
different. Specifically, YH'(t) at the position of G of column
t 1s calculated by equation (116).

YH()=(G()+1)x((YLPF(H)+1)/(GLPF()+1))-1 (116)

The calculation of the YH' signal at the position t of a
pixel of kind K is given by equation (117) below.

YE(§)=(K(0)+1x(YLPF(O)+1)/(KLPF(#)+1))-1 (117)

Embodiment 67

FIG. 69 shows a block circuit diagram of the color video
camera 1n embodiment 67. In FIG. 69, numerals which are
the same as those in FIG. 67 indicate the identical portions,
and numeral 27 represents a comparator similar to that
shown in FIG. 22 (embodiment 4).

The operation will now be described below. The output
signals of appropriate pixels in the vicinity of the pixel of
interest are supplied from memories 62, 63 to the compara-
tor 27. In a portion where the 1mage has a high spatial
frequency, YH' signal 1s calculated similarly to embodiment
64 and, 1n a portion of a low spatial frequency, YH' signal
1s calculated from the weighted averaging value of the G
signal and RB signal.
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The anithmetic logic unit 75 operates similarly to embodi-
ment 64 1n the portion of high spatial frequency. In the
portion of low spatial frequency, YH' signal at the position
of G of column t 1n FIG. 37, and at the position where there
1s no output signal of column t 1 FIG. 38, for example, 1s
calculated by equation (118) below.

YH'(t)=RB(t-1)/4+G()/2+RB(t+1)/4 (118)

The YH' signal, when the pixel of interest 1s located at
position t, kind of the pixel of interest 1s J and the kind of
the right and left adjacent pixels of the pixel of mterest 1s K,
is calculated by equation (119) below.

YH'()=K(t-1)/4+J(0)/2+K(1+1)/4 (119)

Embodiment 68

Although the composition of the color video camera 1n
embodiment 68 is the same as that of embodiment 67 (FIG.
69), the signal processing operations in the arithmetic logic
unit 75 and 1n the comparator 27 are different.

In embodiment 68, the difference between the output
signals of the right and left adjacent pixels of the pixel of
interest 1s compared to a particular threshold. And it 1s
determined that the portion has a high spatial frequency it
the difference between the output signals 1s greater than the
threshold, and the operation of embodiment 64 is carried
out, and 1t 1s determined that the portion has a low spatial
frequency 1f the difference between the output signals 1s less
than the threshold, and accordingly the operation of embodi-
ment 67 described above 1s carried out.

Results of calculation of the same equations (66) and (67)
as 1n embodiment 26 described previously are compared to
a particular threshold, and the method of calculating the YH'
signal 1s selected according to the result of comparison.
Embodiment 69

FIG. 70 shows a block circuit diagram of the color video
camera 1n embodiment 69. In FIG. 70, symbols which are
the same as those 1in FIG. 67 indicate the identical portions,
and numeral 28 represents a lookup table for division similar
to that shown in FIG. 23 (embodiment 6).

The operation of the lookup table for division 28 1s the
same as that in embodiment 6, and description thereof will
be omitted.

Embodiment 70

An example in which the method of calculation 1n
embodiment 7 with respect to embodiment 6 1s applied to
embodiment 69 described above 1s this embodiment 70. The
operation of the lookup table for division 28 1n embodiment
70 1s the same as that in embodiment 7, and description
thereof will be omitted here.

Embodiment 71

The composition of the color video camera in embodi-
ment 71 is the same as that of embodiment 64 (FIG. 67). In
embodiment 71, a one-dimensional low-pass filter 1s used as
a digital filter which 1s made up of only bit shift circuits
having weightings such as 1/8, 1/4. The construction of the
one-dimensional low-pass filter 1s similar to that in embodi-
ment 8 (FIG. 26) and will not be described here.
Embodiment 72

Although the composition of the color video camera 1n
embodiment 72 is the same as that of embodiment 64 (FIG.
67), the method of calculating the YH' signal in the arith-
metic logic unit 75 1s different.

In embodiment 66, YH signal 1s obtained by adding 1 to
cach of the multiplier, divisor and dividend and subtracting
1 from the result of calculation at the end to minimize the
calculation error, as expressed by equations (116) and (117).
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However, because the number 1 1s LSB which has no
significant effect on the result of calculation, subtraction of
1 at the end may be omitted for the simplification of the
circuit. Embodiment 72 1s an example of such simplification,
where the YH' signal at the position of G of column t 1s
calculated by equation (120) below.

YH'(£)=(G(0)+ Dx((YLPF(H)+ D/(GLPF()+1)) (120)
The calculation of the YH' signal at the position t of a
pixel of kind K is given by equation (121).

YE(£)=(K(0)+ 1x((YLPF()+1)/(KLPF(#)+1)) (121)

Embodiment 73

FIG. 71 shows a block circuit diagram of the color video
camera 1n embodiment 73. In FIG. 71, numerals which are
the same as those 1n FIG. 67 indicate the identical portions
and numerals 29, 30 represent a lookup table for logarithm
and a lookup table for power which are similar to those
shown in FIG. 27 (embodiment 10).

The operation will now be described below. YH' signal 1n
case the kind of the pixel at position t 1s K, for example, 1s
given by equation (121) as described in embodiment 72. To
the equation (121), logarithmic conversion with base x as
shown in equation (122) is applied, where = represents
POWET.

YH'(6)=X"log x{(K(t)+1)x((YLPF()+1)/(KLPF(£)+1))}=X"{log
x(K(t)+1)+log x(YLPF(t)+1)-log x(KLPF(t)+1)} (122)
In embodiment 73, too, the calculation can be carried out

by using lookup tables of small capacity as in embodiment

10 described previously. Although the above description 1s

for the case of calculating YH' signal based on the equation

of embodiment 72, 1t goes without saying that the calcula-
tion by means of a lookup table for logarithm and a lookup

table for power may be applied to embodiment 64.

Embodiment 74

FIG. 72 shows a block circuit diagram of the color video
camera 1n embodiment 74. In FIG. 72, numerals which are
the same as those 1n FIG. 67 indicate the 1dentical portions
and will not be described here. In FIG. 72, numerals 92, 93,
94 represent two-dimensional memories, and numerals 935,
96, 97 represent two-dimensional low-pass filters (LPF).
The composition of the arithmetic logic unit 75 1s the same

as that of embodiment 22 (see FIG. 36).

The operation will now be described below. The basic
operation 1s the same as that of embodiment 64. Similarly to
embodiment 32, the two-dimensional memories 92, 93, 94
store G signal, RB composite signal and Y' signal written
therein (see FIG. 49, FIG. 50, FIG. 51), and two-
dimensional low-pass filter outputs (see FIG. 52, FIG. 53,
FIG. 54) are obtained from the two-dimensional low-pass

filters 95§, 96, 97.

Embodiment 74 1s an example of using two-dimensional
low-pass filters instead of one-dimensional low-pass filters

in embodiment 64. In FIG. 49, YH' signal at the position of
ogreen pixel of row s, column t, for example, 1s calculated by
equation (123).

YH'(5,0)=G (s, Ox(YLPF(s,1)/GLPF(s,1)) (123)

The calculation of YH' signal at position (s,t) of pixel of
kind K (K 1s either G or RB) is given by equation (124)
below, similarly to embodiment 32.

YH'(s,0)=K(s,))x(Y'LPF(s,0)/KLPF(s,1)) (124)
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Embodiment 75

FIG. 73 shows a block circuit diagram of the color video
camera 1n embodiment 75. In FIG. 73, numerals which are
the same as those 1n FIG. 72 indicate the identical portions
and will not be described here. In FIG. 73, the arithmetic
logic unit 85 has the same composition as that of the
arithmetic logic unit 85 in embodiment 23 described previ-
ously (FIG. 44). In this embodiment 75, the demultiplexer
72 feeds G signal and R, B composite signal to the arithmetic
logic unit 85. In embodiment 75, two-dimensional low-pass
filters are used instead of one-dimensional low-pass filters in
embodiment 65.

The principle of calculating Y signal in embodiments 74,
75 1s basically the same as that 1n embodiments 64, 65, and
1s capable of eliminating the modulated components of the
color signal without reducing the harmonics of the lumi-
nance signal to calculate the YH' signal, thereby enabling it
to carry out the aperture correction without unnatural
enhancement by taking the harmonics component YH from
the YH' signal and mixing it with YL signal.

Embodiment 76

Although the composition of the color video camera 1n
embodiment 76 1s the same as that of FIG. 72, the signal
processing operation 1n the arithmetic logic unit 75 1s
different. Specifically, YH'(s,t) at the position of G at (s,t) is
calculated by equation (125).

YE (s, 0)=(G(5, )+ D x((YLPF (5,)+1)/(GLPF(s,1)+1))-1 (125)

The calculation of the YH' signal at the position (s,t) of a
pixel of kind K is given by equation (126) below.

YE (s, 0)=(K(s, )+ 1)x ((Y'LPF (s, )+ ) /(KLPF(s,)+1))~1 (126)

Embodiment 77

FIG. 74 shows a block circuit diagram of the color video
camera 1n embodiment 77. In FIG. 74, numerals which are
the same as those 1n FIG. 72 indicate the identical portions,
and numeral 27 represents a comparator similar to that
shown in FIG. 22 (embodiment 4).

The operation will now be described below. The output
signals of appropriate pixels in the vicinity of the pixel of
interest are supplied from two-dimensional memories 92, 93
to the comparator 27. In a portion where the 1image has a
high spatial frequency, YH' signal 1s calculated similarly to
embodiment 74 and, 1n a portion of a low spatial frequency,
YH' signal 1s calculated from the weighted averaging value
of the outputs of N kinds of pixels in the vicinity of the pixel
ol interest.

The arithmetic logic unit 75 operates similarly to embodi-
ment 74 in the portion of high spatial frequency. In the
portion of a low spatial frequency, YH' signal at the position
of G of row s, column t in FIG. 49, and at the position where
there 1s no output signal of row s, column t 1n FIG. 50, for
example, 1s calculated by equation (127) below.

YH'(s,0)=RB(s-1,-1)/16+G
(s—1,)/8+RB(s-1,t+1)/16+RB
(5,0=1)/8+G (s,0)/4+RB(s, 1+1)/8
+RB(s+1,-1)/16+G(5+1,1)/8
+RB(s+1,2+1)/16

(127)

The YH' signal, when the pixel of interest i1s located at
position (s,t), kind of the pixel of interest 1s J and the kind
of the right and left adjacent pixels of the pixel of interest 1s
K, is calculated by equation (128) below.
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YH'(5,0)=K(s—1,t-1)/16+J
(s—1,0)/8+K(s-1,/+1)/16+K
(s,1=1)/8+J (s, 1)/ 4+K (s, t+1)/8
+K(s+1,0-1)/16+J(s+1,8)/8+
K(s+1,+1)/16

Embodiment 78

Although the composition of the color video camera 1n
embodiment 78 is the same as that of embodiment 77 (FIG.
74), the signal processing operations in the arithmetic logic
unit 75 and 1n the comparator 27 are different.

In embodiment 78, the difference between the output
signals of the right and left adjacent pixels of the pixel of
interest or the difference between the output signals of the
upper and lower adjacent pixels of the pixel ol iterest 1s
compared to a particular threshold. And 1t 1s determined that
the portion has a high spatial frequency if the difference
between the output signals 1s greater than the threshold, and
the operation of embodiment 74 1s carried out, and, 1t 1s
determined that the portion has a low spatial frequency if the
difference between the output signals 1s less than the
threshold, and the operation of embodiment 77 described
above 1s carried out.

Results of the calculations by the same equations (77)
through (80) as in embodiment 36 described previously are
compared to a particular threshold to select one of the
methods of generating YH' signal according to the result of
comparison.

Embodiment 79

Although the composition of the color video camera 1n
embodiment 79 is the same as that of embodiment 77 (FIG.
74), the signal processing operations in the arithmetic logic
unit 75 and 1n the comparator 27 are different.

In embodiment 79, the difference between the outputs of
the pixels of the same kind in the vicinity of the pixel of
interest 1s compared to a particular threshold. And it is
determined that the portion has a high spatial frequency it
the difference 1s greater than the threshold, and the operation
of embodiment 74 1s carried out, and, it 1s determined that
the portion has a low spatial frequency 1if the difference 1is
less than the threshold, and the operation of embodiment 77
described above 1s carried out.

Results of the calculations by the same equations (81)
through (88) as in embodiment 37 described previously are
compared to a particular threshold to select one of the
methods of generating YH' signal according to the result of

comparison.
Embodiment 80

Although the composition of the color video camera 1n
embodiment 80 is the same as that of embodiment 77 (FIG.
74), the signal processing operations in the arithmetic logic
unit 75 and 1n the comparator 27 are different.

In embodiment 80, the difference between the output
signals of the diagonally adjacent pixels Interposing 1s
compared to a particular threshold. And 1t 1s determined that
the portion has a high spatial frequency if the difference
between the output signals 1s greater than the threshold, and
the operation of embodiment 74 1s carried out, and, 1t 1s
determined that the portion has a low spatial frequency if the
difference between the output signals 1s less than the
threshold, and the operation of embodiment 77 described
above 1s carried out.

Results of the calculations by the same equations (89)
through (92) as in embodiment 38 described previously are
compared to a particular threshold to select one of the
methods of generating YH' signal according to the result of

comparison.

(128)
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Embodiment 81

FIG. 75 shows a block circuit diagram of the color video
camera 1n embodiment 81. In FIG. 75, symbols which are
the same as those 1 FIG. 72 indicate the identical portions,
and numeral 28 represents a lookup table for division similar
to that shown in FIG. 23 (embodiment 6).

The operation of the lookup table for division 28 1s the
same as that 1n embodiment 6, and description thereof will
be omitted.

Embodiment 82

An example in which the method of calculation 1n
embodiment 7 with respect to embodiment 6 1s applied to
embodiment 81 described above 1s this embodiment 82. The
operation of the lookup table for division 28 in embodiment
82 1s the same as that in embodiment 7, and description
thereof will be omitted.

Embodiment 83

The composition of the color video camera in embodi-
ment 83 is similar to that of embodiment 74 (FIG. 72). In
embodiment 83, a two-dimensional low-pass filter made up
of only bit shift circuits of weightings such as 1/8, 1/4, 1/2
1s used as a digital filter. The composition of the two-
dimensional low-pass filter 1s stmilar to that of embodiment
19 (FIG. 33) where output Y'LPF(s,t) is obtained from the
two-dimensional low-pass filter 1in response to the synthe-
sized signal Y', and description thereof will be omitted. It
should be noted here, however, that use of a two clock delay
circuit instead of a one clock delay circuit serves the
purpose, because the two-dimensional low-pass filter for the
Kth pixel at the position (s,t) of the pixel of interest is made
by arranging the Kth pixels alternately every other pixel, in
the horizontal direction.

Embodiment 84

Although the composition of the color video camera 1n
embodiment 84 is the same as that of embodiment 74 (FIG.
72), the method of calculating the YH' signal in the arith-
metic logic unit 75 1s different.

In embodiment 76, luminance signal 1s obtained by add-
ing 1 to each of the multiplier, divisor and dividend and
subtracting 1 from the result of calculation at the end to
minimize the calculation error, as expressed by the equations
(125) and (126). However, because the number 1 1is LSB
which has no significant effect on the result of calculation,
subtraction of 1 at the end may be omitted for the simpli-
fication of the circuit. Embodiment 84 1s an example of such
simplification, and YH' signal at the position of G of row s,
column t is calculated by equation (129) below.

YE (5, 0)=(G(s, )+ 1)x (YLPE (s, )+ 1)/(GLPF(s,1)+1)) (129)

YH' signal at position (s,t) of pixel of kind K is given by
the equation (130) below.

YE (s, 0)=(K (s, )+ Dx (YLPF (s, )+1)/(KLPF(s,/)+1)) (130)

Embodiment 85

FIG. 76 shows a block circuit diagram of the color video
camera 1n embodiment 85. In FIG. 76, symbols which are
the same as those 1 FIG. 72 indicate the identical portions.
Numerals 29, 30 represent a lookup table for logarithm and
a lookup table for power similar to those shown 1n FIG. 27
(embodiment 10).

The operation will now be described below. The calcu-
lation of the YH' signal in case the kind of the pixel at
position (s,t) is K is given, for example, by the equation
(130) as described in embodiment 84. To this equation (130),
the logarithmic conversion with base x 1s applied as
expressed by equation (131), where " represents power.
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YH'(5,6)=X"1log x{(K(s,0)+1)x((Y'LPF(s,t)+1)/(KLPF(s,t)+1)) }=
X {log x(K(s,t)+1)+log x(Y'LPF(s,{)+1)-log x(KLPF(s,t)+1{131)

In this embodiment 85, the arithmetic operation can be
carried out by using lookup tables of small capacity simi-
larly to embodiment 10 described before. Although the
above description 1s for the case of calculating YH' signal
based on the equation of embodiment 84, the calculation by
means of a lookup table for logarithm and a lookup table for
power may be applied to embodiment 74.

Although the 1mage sensor in the above embodiments 1s
of a type which reads two upper and lower adjacent pixels
by mixing them, they may be of a type which reads every
pixel separately. The criterion of determining the level of
spatial frequency of an 1mage 1s also not restricted to the
embodiments described above and may be otherwise.

Although descriptions of the above embodiments assume
complementary colors for the kind of color filters in the
embodiments which use a single 1mage sensor, color filters
of primary colors or combination of a primary color and a
complementary color may be used. Although examples
using field memories for the color separation memories are
ogrven, line memories of the number of lines required for the
processing of low-pass filters may be used.

Although the synthesized signal Y' of G signal and R. B
composite signal 1s synthesized by a demultiplexer in the
embodiments by using three types of 1mage sensors, use of
adders or other means may be used to synthesize the signals.

Although harmonics component 1s taken from the lumi-
nance signal by means of the band-pass filter in the embodi-
ment where the aperture correction 1s carried out, the high-
pass filter may be used for this purpose. Embodiments where
the YL signal 1s processed as digital signal are given, but 1t

may be processed as analog signal.

As this 1mnvention may be embodied 1n several forms
without departing from the spirit of essential characteristics
thereot, the present embodiment 1s therefore 1llustrative and
not restrictive, since the scope of the invention 1s defined by
the appended claims rather than by the description preceding
them, and all changes that fall within metes and bounds of
the claims, or equivalence of such metes and bounds thereof
are therefore mtended to be embraced by the claims.

What 1s claimed 1s:

1. A color video camera to obtain color 1mages, compris-
Ing:

a spectral optical system which decomposes the 1ncident

ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first low-pass filters wherein N kinds of signals generated
by adjusting the gain of the outputs of the image
sensors are supplied as the mnput to obtain N kinds of
outputs from the 1st through Nth;

means for calculating a first signal wherein the output
signal of the Kth (1=K=N) pixel of interest plus a
constant value 1s multiplied by the ratio of the first
low-pass filter output of the synthesized signal of the
pixels of the respective kinds of pixels at the coordi-
nates of the pixel of interest plus the constant value to
the Kth first low-pass filter output at the coordinates of
the pixel of interest plus the constant value, and the
constant value 1s subtracted from the result of the
multiplication and division, thereby to obtain the first
signal;

a band-pass filter wherein the calculated first signal 1s
supplied as the imput to obtain a second signal for
aperture correction;
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a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs i1s supplied as the input to
obtain a third signal; and

means for obtamning a luminance signal component by
synthesizing the second signal and the third signal.
2. A color video camera to obtain color 1mages, compris-
Ing:
a spectral optical system which decomposes the mncident

ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first low-pass filters wherein N kinds of signals generated

by adjusting the gain of the outputs of the i1mage
sensors are supplied as the mput to obtain N kinds of

outputs from the 1st through Nth;

means for calculating a first signal wherein, 1n a portion
of the image having a high spatial frequency, the output
signal of the Kth (1=K=N) pixel of interest 1s multi-
plied by the ratio of the first low-pass filter output of the
synthesized signal of the pixels of the respective kinds
at the coordinates of the pixel of interest to the Kth first
low-pass filter output at the coordinates of the pixel of
interest, thereby to obtain the first signal;

means for calculating the first signal from the weighted
averaging value of the outputs of N kinds of pixels 1n
the vicinity of the pixel of interest, in a portion of the
image having a low spatial frequency;

a band-pass filter wherein the calculated first signal is
supplied as the input to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs i1s supplied as the input to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal and the third signal.
3. A color video camera to obtain color images, compris-
Ing:
a spectral optical system which decomposes the incident

ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first low-pass filters wherein N kinds of signals generated
by adjusting the gain of the outputs of the image
sensors are supplied as the mput to obtain N kinds of
outputs from the 1st through Nith;

first calculating means for calculating a first signal
wherein the output signal of the Kth (1=K Z=N) pixel of
interest 1s multiplied by the ratio of the first low-pass
filter output of the synthesized signal of the pixels of
the respective kinds at the coordinates of the pixel of
interest to the Kth first low-pass filter output at the
coordinates of the pixel of interest, thereby to obtain the
first signal;

second calculating means for calculating the first signal
from the weighted averaging value of the outputs of N
kinds of pixels 1n the vicinity of the pixel of interest;

means for obtaining the first signal by selecting the first or
the second calculating means, depending on whether

10

15

20

25

30

35

40

45

50

55

60

65

42

the difference between the outputs of the right and left
pixels of the pixel of interest 1s greater than a prede-
termine threshold or not;

a band-pass filter wherein the obtained first signal 1s
supplied as the mput to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs 1s supplied as the input to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal and the third signal.
4. A color video camera to obtain color 1mages, compris-
Ing:
a spectral optical system which decomposes the incident
ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first low-pass filters wherein N kinds of signals generated
by adjusting the gain of the outputs of the image
sensors are supplied as the mnput to obtain N kinds of
outputs from the 1st through Nth;

calculating means for calculating a first signal wherein the
output signal of the Kth (1=KZ=N) pixel of interest 1s
multiplied by the ratio of the first low-pass {ilter output
of the synthesized signal of the pixels of the respective
kinds at the coordinates of the pixel of interest to the
Kth first low-pass filter output at the coordinates of the
pixel of interest, thereby to obtain the first signal;

a band-pass filter wherein the calculated first signal 1s
supplied as the imput to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs 1s supplied as the iput to
obtain a third signal; and

means for obtaining a luminance signal component by

synthesizing the second signal and the third signal;
wherein;

the fractional product of the calculating means 1s com-
posed of a lookup table for division, while in the
fractional product, assuming that the input to the table
1s n-bit data, the mput 1s checked to see if the most
significant bit thereof 1s 1 and, if 1t 1s O, the next bit 1s
checked subsequently eventually stopping at the nth
bit, and bit shift operation is carried out after this check,
thereby using the effective n-bit data with bits 0
removed therefrom as the mnput to the lookup table for
division.

5. A color video camera as claimed 1n claim 4, wherein

the content of the lookup table for division 1s increased by
n bits through bit shift operation on the result of the
dividing operation, to take the integral part and dis-
carding the fractional part, while applying bit shaft
operation to the result of calculation which uses the
value, to reduce 1t by n bits to return it to the original
number of bits, thereby taking the integral part as the
result of calculation.

6. A color video camera to obtain color 1mages, compris-

Ing:

a spectral optical system which decomposes the incident
ray into N (wherein N is an integer greater than or equal
to two) kinds of light;




US 6,788,342 Bl

43

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first low-pass filters wherein N kinds of signals generated
by adjusting the gain of the outputs of the image
sensors are supplied as the mnput to obtain N kinds of
outputs from the 1st through Nth;

means for calculating a first signal wherein the output
signal of the Kth (1=KZ=N) pixel of interest 1s multi-
plied by the ratio of the first low-pass filter output of the
synthesized signal of the pixels of the respective kinds
at the coordinates of the pixel of interest to the Kth first
low-pass {ilter output at the coordinates of the pixel of
interest, thereby to obtain the first signal;

a band-pass filter wherein the calculated first signal is
supplied as the input to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs i1s supplied as the input to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal and the third signal;
wherein

cach of the first low-pass filters includes a plurality of bit
shift circuits and an adder which takes 1n the outputs of
the bit shift circuits as the input thereof.

7. A color video camera to obtain color images, compris-

ng:

a spectral optical system which decomposes the imncident
ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first two-dimensional low-pass filters wherein N kinds of
signals generated by adjusting the gain of the outputs of
the 1mage sensors are supplied as the mput to obtain N
kinds of outputs from the 1st through Nth;

means for calculating a first signal wherein the output
signal of the Kth (1=K=N) pixel of interest plus a
constant value 1s multiplied by the ratio of the first
two-dimensional low-pass filter output of the synthe-
sized signal of the pixels of the respective kinds at the
coordinates of the pixel of interest plus the constant
value to the Kth first two-dimensional low-pass filter
output at the coordinates of the pixel of interest plus the
constant value, and the constant value 1s subtracted
from the result of the multiplication and division,
thereby to obtain the first signal;

a band-pass filter wherein the calculated first signal is
supplied as the input to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs is supplied as the mput to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal and the third signal.
8. A color video camera to obtain color images, compris-
Ing:
a spectral optical system which decomposes the incident
ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;
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first two-dimensional low-pass filters wherein N kinds of
signals generated by adjusting the gain of the outputs of
the 1mage sensors are supplied as the mput to obtain N
kinds of outputs from the 1st through Nth;

means for calculating a first signal wherein, 1n a portion
of the image having a high spatial frequency, the output
signal of the Kth (1=KZ=N) pixel of interest 1s multi-
plied by the ratio of the first two-dimensional low-pass
filter output of the synthesized signal of the pixels of

the respective kinds at the coordinates of the pixel of
interest to the Kth first two-dimensional low-pass filter
output at the coordinates of the pixel of interest, thereby
to obtain the first signal;

means for calculating the first signal from the weighted
averaging value of the outputs of N kinds of pixels 1n
the vicinity of the pixel of interest, in a portion of the
image having a low spatial frequency;

a band-pass filter wherein the calculated first signal 1s
supplied as the input to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs 1s supplied as the input to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal and the third signal.
9. A color video camera to obtain color 1mages, compris-
Ing:
a spectral optical system which decomposes the incident

ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first two-dimensional low-pass filters wherein N kinds of
signals generated by adjusting the gain of the outputs of
the 1mage sensors are supplied as the mput to obtain N
kinds of outputs from the 1st through Nth;

first calculating means for calculating a first signal
wherein the output signal of the Kth (1=K Z=N) pixel of
interest 1s multiplied by the ratio of the first two-
dimensional low-pass filter output of the synthesized
signal of the pixels of the respective kinds at the
coordinates of the pixel of interest to the Kth first
two-dimensional low-pass filter output at the coordi-
nates of the pixel of interest, thereby to obtain the first
signal;

second calculating means for calculating the first signal
from the weighted averaging value of the outputs of N
kinds of pixels in the vicinity of the pixel of interest;

means for obtaining the first signal by selecting the first or
the second calculating means, depending on whether
cither the difference between the outputs of the right
and left pixels of the pixel of mterest or the difference
between the upper and lower pixels of the pixel of
interest 1s greater than a predetermined threshold or
not,

a band-pass filter wherein the obtained first signal 1s
supplied as the imput to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs 1s supplied as the input to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal and the third signal.
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10. A color video camera to obtain color 1images, com-

Prising;:

a spectral optical system which decomposes the imncident

ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first two-dimensional low-pass {filters wherein N kinds of
signals generated by adjusting the gain of the outputs of
the 1mage sensors are supplied as the mput to obtain N
kinds of outputs from the 1st through Nth;

first calculating means for calculating a first signal
wherein the output signal of the Kth (1=K Z=N) pixel of
interest 1s multiplied by the ratio of the first two-

dimensional low-pass filter output of the synthesized
signal of the pixels of the respective kinds at the
coordinates of the pixel of interest to the Kth first
two-dimensional low-pass filter output at the coordi-
nates of the pixel of interest, thereby to obtain the first
signal;

second calculating means for calculating the first signal
from the weighted averaging value of the outputs of N
kinds of pixels in the vicinity of the pixel of interest;

means for obtaining the first signal by selecting the first or
the second calculating means, depending on whether
the difference between the outputs of the pixels of the
same kind in the vicinity of the pixel of interest is
oreater than a predetermined threshold or not;

a band-pass {filter wherein the obtained first signal is
supplied as the input to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs i1s supplied as the input to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal.
11. A color video camera to obtain color 1images, com-

prising:

a spectral optical system which decomposes the incident

ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first two-dimensional low-pass filters wherein N kinds of
signals generated by adjusting the gain of the outputs of
the 1mage sensors are supplied as the mput to obtain N
kinds of outputs from the 1st through Nth;

first calculating means for calculating a first signal
wherein the output signal of the Kth (1=K Z=N) pixel of
interest 1s multiplied by the ratio of the first two-
dimensional low-pass filter output of the synthesized
signal of the pixels of the respective kinds at the
coordinates of the pixel of interest to the Kth first
two-dimensional low-pass filter output at the coordi-
nates of the pixel of interest, thereby to obtain the first
signal;

second calculating means for calculating the first signal

from the weighted averaging value of the outputs of N
kinds of pixels 1n the vicinity of the pixel of interest;

means for obtaining the first signal by selecting the first or
the second calculating means, depending on whether
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cither the difference between the outputs of the upper-
left diagonally adjacent pixel and the lower-right diago-
nally adjacent pixel of the pixel of interest or the
difference between the outputs of the lower-left diago-
nally adjacent pixel and the upper-right diagonally
adjacent pixel of the pixel of interest 1s greater than a
predetermined threshold or not;

a band-pass filter wherein the obtained first signal 1s
supplied as the imput to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of

the 1mage sensor outputs 1s supplied as the iput to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal and the third signal.
12. A color video camera to obtain color 1mages, com-

prising;:

a spectral optical system which decomposes the incident
ray into N (wherein N is an integer greater than or equal
to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first two-dimensional low-pass filters wherein N kinds of
signals generated by adjusting the gain of the outputs of
the 1mage sensors are supplied as the mput to obtain N
kinds of outputs from the 1st through Nth;

means for calculating a first signal wherein the output
signal of the Kth (1=KZ=N) pixel of interest 1s multi-
plied by the ratio of the first two-dimensional low-pass
filter output of the synthesized signal of the pixels of
the respective kinds at the coordinates of the pixel of
interest to the Kth first two-dimensional low-pass filter
output at the coordinates of the pixel of interest, thereby
to obtain the first signal;

a band-pass filter wherein the calculated first signal 1s
supplied as the input, to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs 1s supplied as the input to
obtain a third signal; and

means for obtaining a luminance signal component by
synthesizing the second signal and the third signal;

the fractional product of the calculating means 1s com-
posed of a lookup table for division, while 1n the
fractional product, assuming that the input to the table
1s n-bit data, the mput 1s checked to see 1f the most
significant bit thereof 1s 1 and, if 1t 1s O, the next bit 1s
checked subsequently eventually stopping at the nth
bit, and bit shift operation is carried out after this check,
thereby using the effective n-bit data, with bits 0
removed therefrom as the nput to the lookup table for
division.

13. A color video camera as claimed 1n claim 12, wherein

the content of the lookup table for division 1s increased by
n bits through bit shift operation on the result of the
dividing operation, to take the integral part and dis-
carding the fractional part, while applying bit shaft
operation to the result of calculation which uses the
value, to reduce 1t by n bits to return it to the original
number of bits, thereby taking the integral part as the
result of calculation.-
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14. A color video camera to obtain color 1images, com-
prising: a spectral optical system which decomposes the
incident ray into N (wherein N is an integer greater than or
equal to two) kinds of light;

N pieces of 1mage sensors composed of photoelectric
transducers arranged on a two-dimensional plane being
optically staggered to each other;

first two-dimensional low-pass filters wherein N kinds of
signals generated by adjusting the gain of the outputs of
the 1mage sensors are supplied as the mput to obtain N
kinds of outputs from the 1st through Nth;

means for calculating a first signal wherein the output
signal of the Kth (1=KZ=N) pixel of interest 1s multi-
plied by the ratio of the first two-dimensional low-pass
filter output of the synthesized signal of the pixels of
the respective kinds at the coordinates of the pixel of
interest to the Kth first two-dimensional low-pass filter
output at the coordinates of the pixel of interest, thereby
to obtain the first signal;
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a band-pass filter wherein the calculated first signal 1s

supplied as the imput to obtain a second signal for
aperture correction;

a second low-pass filter wherein the synthesized signal of
N kinds of signals generated by adjusting the gain of
the 1mage sensor outputs i1s supplied as the iput to
obtain a third signal; and

a means for obtaining a luminance signal component by
synthesizing the second signal and the third signal;

wherein;

cach of the first two-dimensional low-pass filters includes
a plurality of bit shift circuits and a plurality of adders
which take 1n the outputs of the bit shift circuits as the
input thereof.
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